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E. & A. Standard Du Boscq Colorimeter 


MADE IN OUR OWN WORKSHOP 


The same standard high grade instrument as was formerly 
imported from France, but improved in many respects. 
Claimed to be the best instrument on the market at present. 


We also handle a full line of other forms of Colorimeters, 
including the Lovibond Tintometer, Kober, Bock Benedict, 
Campbell Hurley, Meyers, ‘Dunning; ete. Full details on 
application.. See our new Bacteriological Catalog, Section 1, 
pages 89-94. 
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DISODIUM PHOSPHATE AS A CATALYST FOR THE 
QUANTITATIVE OXIDATION OF GLUCOSE TO 
CARBON DIOXIDE WITH HYDROGEN 
PEROXIDE. 


By EDGAR J. WITZEMANN., 


Received for publication, J ily 13, 1920. 


The experiments described in this paper represent a confirma- 
tion and extension of part of L6éb’s observations on the influence of 
phosphates on oxidative glycolysis. By the experiments herein 
described it is proved that dist dium phosphate catalyzes 1 he quan- 
titative oxidation of glucose to carbon dioxide by hydrogen per- 
oxide. Additional experiments on the influence of the carbonates 
of sodium and other compounds are included and a partial inter- 
pretation of the results is offered. 

Previous experiments on the influence of phosphates on the oxi- 
dation of butyric acid! with hydrogen peroxide were being extended 
by further experiments when it was realized that if the results of 
Lob and his coworkers, on the influence of phosphates on 
glucose oxidation with peroxide, could be demonstrated by an 
adequate method the results would help clarify the influence 
of phosphates on butyric acid oxidation and have considerable 
interest in other Vays. The results of some earlier work on the 
oxidation of glucose* indicated that probably the amount of 
oxidation observed by Léb could be exactly determined by the 


method suggested by those data. This was confirmed. 


Witzemann, E. J., J. Biol. Chem., 1918, xxxv, 83 

Lob, W.. and Pulvermacher,. G., Biochem. Z., 1910, xxix, 316. Ldb, 
W., and Gutmann, 8., Biochem Z., 1912, xlvi, 288. Beysel, W., and Lob, 
W., Biochem. Z., 1915, Ixviil, 368. 
Lob, W., Biochem. Z., 1911, xxxii, 43. 
‘Witzemann, bk. J., J. Am. Chem. Soc., 1916, xxxviil, 150. 











Oxidation of Glucose 


The statements under consideration as given in Léb’s sum- 
mary® are quite definite and are in part as follows: 
|) In salt-free sugar solutions hydrogen peroxide produces onl) 
vanishingly small amount of oxidative glycolysis. 


he hy droxy | 


2) The glycolysis is markedly increased by raising 
concentration. 

3) With the small OH ion concentrations in solutions having th: 
ilkalinity of blood, which is only slightly different from that of wate 
glycolysis is very slight if it is not accelerated by phosphates. 

t) The phosphate ions accelerate the glycolysis by the OH ions; +] 
most favorable OH ion concentration within the limits tested lies at pH 
8.302 to 7.070. At pH < about 5.600 there is no longer a perceptibl 
OH ion effect exceeding that of pure water, even in the presence of pl 
phate ions. 


5) The acceleration of the glycolysis increases with constant OH ion 


; 


concentration with increase in the absolute amount of phosphat 


added 


An examination of the experimental data, however, leaves on 
in doubt as to whether LOb really measured the oxidative glycoly- 
sis. In fact Michaelis and Rona® were not convinced by Léb’s 
data and interpreted his observations differently. Obviously his 
determination of optical rotation and the reduction of Fehling 
solution by the glucose solutions before and after oxidation was 
not a determination of the absolute amount of oxidation. Cons¢ 
quently the term “ oxidative glycoly sis,’ which he uses to deseribe 
these phenomena, might include two processes. 

a Destruction of glucose by oxidation at the expense of ox) 
gen from the hydrogen peroxide used. This is what Lob meant 

b) Destruction of glucose by intramolecular rearrangement 
under the influence of alkali. This kind of chemical change 1s 
what Michaelis and Rona appear to think Lob really saw at least 
in part. 

If a neutral phosphate system such as LOb used, which is known 
to be a constituent of many living organisms, has any consider- 
able effect upon oxidation the scope and nature of the effects 
should be known. The possible importance of such facts biologi- 
cally for instance, when considered in relation to the well known 
indispensible relationships between phosphates and much normal 
cellular oxidation, is too obvious to require further comment. 


§ Michaelis, L.. and Rona, P., Biochem. Z., 1912, xlvii, 447. 










































KE. J. Witzemann 


The data described in this paper are sufficiently definite to give a 
new interest to the many facts already in hand in this field and to 
serve as a definite point of reference in the further study of thes 
questions. 

The results described here have a general interest in another 
way also. In the interpretation of the action of alkaline sub- 
stances on sugars two points of view are recognized. According 
to the one the known effects of alkaline substances on sugars are 
due essentially to the hydroxyl ions. The other older view recog- 
nizes that the undissociated molecules and other ions may also 
aid or produce other effects than those of the so called hydroxy! 


ion effects. Without reviewing this problem any further in this 


paper it may simply be stated that the data herein presented offer 


varied and interesting support Io! the latter view. 


EXPERIMENTAL, 


Considering the importance of Léb’s claims from several points 
of view it seemed highly important to determine accurately how 
much oxidation actually took place in his experiments with phos- 
phates. This, it was thought, could be done, by applying the 
results of the author’s previous study of the complete oxidation 
of glucose with potassium permanganate’ to the analysis of th 
results obtained by Lob’s experiments. 

1. Methods of Analysis.—Previous experiments on the oxida- 
tion of glucose showed that in alkaline solution it is quantitative ly 
oxidized to carbon dioxide and oxalic acid with potassium per- 


manganate. The oxalic acid in turn is quantitatively oxidized to 
carbon dioxide by permanganate in sulfuric acid solutions. The 
plan was therefore as follows: 

1. Oxidize glucose with hydrogen peroxide in the presence of 
phosphates just as Léb did. 

2. After the expiration of the proper time interval add excess 
manganese dioxide to decompose unchanged hydrogen peroxide. 
3. After decomposition is complete filter off the manganes« 
dioxide, washing the filter and the original flask thoroughly. 

t. Add excess sodium hydroxide solution. 


5. Add an accurately known amount but excess of a strong 


accurately standardized solution of potassium permanganate 



















































Oxidation of Glucose 





about 3 gm. per 100 ec.). Heat this mixture to boiling and set 
aside over night after covering the top of the hot flask. 

6. Add excess concentrated sulfuric acid. 

7. Add an accurately known amount but excess of an accurately ’ 
standardized solution (about 6 gm. per 100 ec.) of oxalie acid. 

8. Dilute the clear colorless solution to a convenient definite 
volume and using an aliquot portion titrate back the excess oxali: 
acid with dilute potassium permanganate solution (0.1 N 

9. Calculate the total permanganate required for complete oxi- { 
dation of the solution in No. 8, add the permanganate added in 
the beginning, and substract the permanganate equivalent of the 
oxalic acid used. The result is the amount of permanganate uti- 
lized by the glucose or other incompletely oxidized compounds 
present and may easily be calculated to its glucose equivalent. 

In order to test the accuracy of the above method a solution of 
pure glucose containing 10 gm. per liter was prepared. 20 cc. of 
this solution, containing 0.200 gm. of glucose, 15 ce. of 35 per cent 
sodium hydroxide solution, and 75 ce. 2.028 gm.) of potassium 
permanganate solution were heated to boiling. After standing 
over night excess concentrated sulfuric acid was added and ther 
50 ee. 1.519 gm. of KMnQ,) of an oxalic acid solution. This 
colorless solution was diluted to 500 cc. in a graduated flask. 25 
ce. portions were titrated back with 0.0996 N potassium perman- 
ganate. 5.70 ec. were required. 5.70 * 20 & 0.003146 0.359 


gin of KMnQO, required for the excess oxalic acid that was added 


2.028 gm. KMnQO, originally added. 

0.359 “ KMn0O, required for excess 

2.387 “ KMn0O, used (total 

1519 * K MnO, equivalent ol oxali cid added. 


} 


0 .S6S _ KMnO red iced by the g 





Since 2.40 molecules of KMnQO, are required to oxidize 1 mole- 


cule of glucose to carbon dioxide the equation 


798.4: 180 0.868 


0.206 gm. glucose 


gives the amount of glucose originally present. 
Another oxidation made at the same time gave 0.198 om. of 


glucose. 


Kk. J. Witzemann 5 


These were the results obtained with the first pair of oxidations 
tried and give fairly the maximum analytical error as demonstrated 


by subsequent experience. The results show that the method will 


be satisfactory provided the amount of oxidation observed exceeds 


the experimental error of 2 or 3 per cent.' 


1x pe r t} the Phosphate 


Repetition of Léb’s Experiments.—Having established the 
fact that it is possible to determine glucose quantitative ly in the 
proposed way the author repeated and analy zed by the method 
described above a number of the experiments carried out by Lob. 

In Table I the results obtained in five oxidations carried out at 
room temperature for just 1 week are given. The results aré 
calculated as though the oxygen required by the unoxidized com- 
pounds in the solution was all consumed by unchanged glucose. 
This is almost certainly not entirely true but since the incom- 
pletely oxidized compounds are possibly a complex mixture, 
difficult to analyze,’ it seemed permissible and correct for the pur- 
poses of comparison to calculate the permanganate consumed to 


glucose. The results show that the influence of the phosphates 


{ similar method was developed by Greifenhagen 

il¢ nhage n, W Ix mig, J., and Scholl i 
169 ind was found sufficiently accurate in use 
Levene, P. A., and Meyer, G. M., J. Biol. Chem 
results were discovered after the completion of my 

On the basis of Lob’s earlier work (Lob, W., Bioche 
166; 1909, xvi, 132 Lob, W., and Pulvermacher, G., Biochen J 1909, 
xvil, 348. Lob, W., Biochem. Z., 1909, xx, 516; xxii, 103; 1910, xxiii, 10; 
‘xvi, 231), but specifically on the basis of a later statement (Lob, W.., 
Biochem. Z., 1915, Ixviii, 368) it might be concluded that the incompletely 
xidized compounds are formic and polyhydroxy acids arising from formal- 
dehyde ind pentoses Tests on solutions from complete oxidations known 
to reduce permanganate equivaient to 0.02 to 0.04 gm glucose in 75 ce 
gave distinct tests for sugar with Haines’ or Fehling’s solution. Since 
this is near the limits of sensitiveness of these reagents, it appears that no 
large proportion of intermediate oxidation products (between hexose 
and CQO.) can be present. This appears to conform with the observatio 
of Smolka (Smolka, A., Sitzungsh. Math. Natur. Akad. Wis ISS7, xev, p 


4 


5) on the oxidation of glucose with insufficient neutral permanganate 
recovered only final oxidation products (HCO.H, H.C.OQ,4, and CQz) 


he calculated amount of unchanged glucose. 























6 Oxidation of Glucose 


is progressively greater with increasing concentration, but that it 
is not a linear function of the concentration since the relative 


_ 


acceleration diminishes with increasing phosphate concentration. 
The results in Table II were obtained under exactly the same 
conditions as those in Table I except that the solutions were kept 


98 hours (4 days, 2 hours) in an incubator at 37°C 
















ABLE I 
Glucose HO Phosphates at Room Temperature 
20 ec. glucose solution (0.200 gm 20 ce. 3 per cent H,O, in total vol 
f 75 ee. 
033M 0.33 mM HO . P . Glu G s¢ 
NaeH PO, NaHePO, ; 7 recovered oxidized 
1 0.0 0.0 35) 7.07 0.2006 0.00 
2 1.6 0.4 33 7.347 0.1863 6.85 
} 6.4 1.6 24 7.347 0.1210 39.50 
! 16.0 1.0 15 7.347 ) 0658 67 .10 
5 25.6 6.4 } 7.347 0.0442 77.90 
rAl bk Li 
Gluct é H () Pho phate s at 37 
20 ec. glucose solution (0.200 gm. 20 ee. 3 per cent HO, in total volume 


OI 49 Cec. 


. 0.33 mM Mu , ee Glucose Gl 
‘ NaoHP¢ NaHeP' —— a overet xi 
if ri 
l 0.0 0.0 455 7.07 0.186 6.50 
2 1.6 0.4 33 7.347 0.1163 $1.85 
} 6.4 1.6 27 7.347 0.019 90 50" 
} 16.0 1.0 15 7.347 0.034 83 .00 
5 25,6 6.4 4 7.347 0.035 82 50 


*In the experiments at 37 


was less complete in No. 


5 than in Nos. 3 or 4. 


it was ge nerally observed that 


oxidation 


Special experiments to 


interpret this apparent anomaly have not been done but the effect appears 


to be due to the fact that the 


velocity of oxygen activation by the 


Na. HPO, is greater than the velocity of oxygen consumption and conse- 


quently the excess active 
ture. 
and by others not mentioned. 


oxygen Is lost as 


This interpretation is so far supports 


such from the reaction mix 


d by facts given in this paper 
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8. Fate of the Glucose.—The results given above prove quite 
conclusively that the glucose is oxidized. Of the large number 
of compounds into which it could conceivably be converted with- 
out oxidation only a small number are not completely oxidizable 
to carbon dioxide by permanganate in acid or alkaline solution. 
Nevertheless it seemed necessary to demonstrate actually that 
carbon dioxide was an important product of this oxidation. 

All the experiments on carbon dioxide recovery were done with 
mixtures corresponding to No. 5in Tables I and II. In determin- 
ing the CO, the oxidation mixture was placed in a round bottom 
flask attached to a reflux condenser and arranged so that CO.-free 
air could be bubbled through the mixture and then passed through 
wash bottles containing clear barium hydroxide solution.’ On 
warming the flask nearly all the CO. was driven over. Excess 
dilute sulfuric acid was finally added and the mixture heated to 
boiling. 

A. 75 ec. of such a solution, which had been kept in the incu- 
bator until all peroxide was gone and in which oxidation was 
nearly complete, gave in the CO, apparatus 0.13 gm. of barium 
carbonate or about 10 per cent of the calculated CO, yield. The 
rest of the CO. had been lost into the air. 

B. 75 ec. of such a solution after 10 days at room temperatur¢ 
gave 0.69 gm. of BaCOs, equivalent to 0.154 gm. of COs or a 52.6 
per cent vield of COs. The solution, to which excess sulfuric acid 
had been added while in the C¢ Jo apparatus, was alkalinized with 

dium hydroxide, treated with MnO, to remove unchanged perox- 
ide, filtered, and treated as usual with permanganate. The per- 
manganate consumed was equivalent to 0.0749 gm. of glucose or 
34.9 per cent recovered. 52.6 + 37.5 QG(),] per cent of the 
0.200 gm. of glucose used recovered in this way. 

Results similar to this were obtained under the same conditions 
a number of times. 


>It was not until the experiments described above had been completed 
that it was suspected that oxidation to CO, was nearly quantitative. Léb 
expressed the opinion that formie and polyhydroxy acids are the main 
products and there was no reason to doubt this until the small amount of 
permanganate required to complete the oxidation suggested that the oxi- 
dation might already be largely completed to CQ». 
Evans, W. L., and Witzemann, E. J., J. Am. Cl » 1912, x 


1OS6, 
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C. In order to obtain a more complete conversion into CO 
and a good recovery the oxidation was set up in the incubator 
Two strong round bottom 300 ee. flasks, one of which contained 
barium hydroxide solution and the other the glucose oxidatior 





] 
} 


mixture, were connected by a glass tube having two right ang 
bends in rubber stoppers. The stoppers were wired in and the 
covered over with molten paraffin. The whole was placed in the 
incubator at 37°C. and agitated a few moments every day for 


week, It was then taken out and allowed to stand at room tem- 


perature several days with occasional agitation. The oxidatior 
mixture gave 0.28 gm. of BaCQOs; in the COs apparatus. Thi 
attached Ba(OH). flask gave 0.83 gem. of BaCO,. This corr 


sponds to 0.2474 gm. of CO.» altogether or an 84.4 per cent vield of 
COs. The oxidation mixture treated as in (B) reduced perman- 
ganate equivalent to 0.0195 gm. of glucose or 9.8 per cent of the 
glucose used. 84.4 + 9.8 = 94.2 per cent of the glucose recovered 
in this way. 

On the basis of these results there can be no doubt that the glu- 
cose unaccounted for by the permanganate consumed is really 
oxidized to COs. 

In developing the above proot that practically quantitative oxi- 
dation to COs is obtained several other facts were observed. 


1 


1. The carbon dioxide formed is freely and easily lost from thx 
solution during the oxidation even at the room temperature. In 
this the oxidation resembles vital oxidation in which the carbo 


dioxide is spontaneously lost during respiration. As much as two- 


thirds or more of the carbon dioxide obtained is evolved and al 
sorbed by barium hydroxide in a closed apparatus at 37°C. 
Ordinary alkaline oxidation systems, although they undergo 
changes in many ways similar to those occurring in living orga 
isms, differ in that the CO. formed is bound and held in the systen 
as carbonate or bicarbonate. This easy formation and loss of 
Cr Vo is probably the most important physical characteristic of 
vital oxidation system. It is not yet certain to what extent the 


phosphate systems can carry out the other functions belonging t: 
alkaline systems, that are so important in the non-oxidative trans- 
formations of sugar in organisms, but indications are not lacking 
that they can also aid in some of these changes under suitabl 


conditions. 
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2. The solutions in which all hydrogen peroxide had disappeared 
and which contained material oxidizable by permanganate equiv- 
alent to only 0.02 to 0.04 gm. of glucose in 75 ce. (7.e., 0.027 to 
0.053 per cent) reduced Fehling solution distinctly. Since this is 
close to the limits of sensitiveness of this test with pure glucose it 
is clear that most of the glucose attacked had been completely 
burned to carbon dioxide, and that no appreciable quantity of 
intermediate products such as polyhydroxy acids could be present. 

In flu nce of Additional Glucose and Peroxide.—On the basis 
of the results in the preceding section it was of considerable inter- 
est to know whether the same phosphate mixture would repeat- 
edly catalyze the oxidation of glucose. In other words whether 
the products of the reaction in any way “poison” the catalyst 
If COs is the sole final product and if it is evolved as was shown 
above, the phosphate mixture should serve repeatedly in this oxi- 
dation just as it is known to do in the fermentation of glucose. 

Kxperiment 5, Table II, was set up in the incubator. After 3 
days it was free from peroxide. 0.20 gm. of glucose and 20 ee. of 
+ per cent peroxide were again added. After 1 week in the incu- 
bator the peroxide had again disappeared. The same materials 
were again added. After another week this was repeated. On 
determining the permanganate consumed in the usual way it was 
found to correspond to 0.0831 gm. of glucose. Since 0.80 gm. of 
glucose had been used this corresponds to 104 per cent of the 
glucose used, which is about what is recovered from a single 
experiment of this kind. 

These results show that the functional activity of the disodium 
phosphate is not impaired in the catalysis. Since this does not 
occur it is clear that the disodium salt is not changed into mono- 
sodium phosphate by the carbonic acid, nor any other acid inter- 
mediate oxidation product, to any marked extent. If sodium bi- 
carbonate were formed in this way the oxidation would be retarded 
or stopped in the typical way in which this compound acts (ef 


seection 4 


Harden, A., and Young, W. J., J. Cher SO 1905, xxi, 189; Proc. 


Roy. Soc. London, Series B, 1906, Ixxvii, 405; 1908, Ixxx, 299; 1909, Ixxxi, 
336. Young, W. J., Proc. Roy. Soc. London, Series B, 1909, Ixxxi, 529. 
Harden, A., and Young, W. J., Biochem. Z., 1911, xxxii, 17 Young, 


W.J., Biochem. Z., 1911, xxxii, 177. 
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Oxidation of Glucose 


b. Influence of ( hanging the Ratio of the Phosphate s.—The results 
in Table III constitute a repetition of part of Léb’s experiments 
(Table X1I)* on the influence of a change in the ratio of the two 
phosphates. All the experiments were set up in 250 ec. Florence 
flasks and kept in the incubator for 45 hours before analvzing. 


25 ec. (0.25 gm.) glucose + 25 cc. H.O, + 20 ce. salt soluti 
‘ r at 37 
H Pe NalePO , 
l ) 0 2 7.07 0.2407 5.7 
2 16 j 5 4.a4d 0.1992 20.3 
} 10 LO 5 6.813 0 2068 17.3 
} } 16 5 6 239 0 2316 7.4 
5 2 IS ) » O10 0.2342 6.3 
LBLE IV 
20 ec. glucose (0.200 g1 20 ec. 3 per cent H.O. at 37° for 10 days 
( 
m M iT 
HPOs NaHePO 
l 25.6 6.4 59 0 0242 0. O3S87 
2 25.6 32.0 4 0.0180 0.027 
3 25.6 64.0 2 0.0166 
* All the experiments in this table have a total volume of 131 e Phe 


reaction of No. 1 is distinctly alkaline to litmus paper while that of N 


9 


3 is distinetly acid \ccordingly pH passes from a point on the alkaline 


side (about 7.347) to a point decidedly on the opposite or acid side 


neutrality. 


The results show a diminishing velocity of glucose oxidation as 
the ratio of monosodium phosphate used increases or as the ratio 
of disodium phosphate decreases, 

From these experiments alone it might be concluded that the 
OH ion is significant in this oxidation but results given in the 
next paragraph do not confirm this idea. 

When the ratio of the two phosphates is changed by changing 
the amount of monosodium phosphate but keeping the disodium 
phosphate constant in amount different results are obtained. 
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The results in Table IV show that in the presence of a constant 
amount of disodium phosphate increasing amounts of monoso- 
dium phosphate do not retard the oxidation of glucose. In fact 
the presence of the monosodium phosphate seems to facilitate the 
completion of the glucose oxidation in spite of the fact that rela- 
tively No. 3 is comparable with No. 4 in Table III as far as the 
proportion of the two phosphates is concerned. Exact ly the same 


result was obtained with Nos. 1 and 2 when they were allowed 


to react only 2 days. No velocity experiments have been made 
to determine whether the excess NaHePO, retards the oxidation 
as it does the evolution of Os from HeOs but the results as given 
indicate that it does not. 

It seems clear that if Léb had done these experiments, as well 
as some others described below, he would have found it impossible 
to ascribe so much influence to the OH ions in this catalysis, as he 
did. 

6. Influence of Time on the Oxidation.—In order to follow the 


glucose oxidation from day to day a large experiment containing 


rABLE V. 

Glucose. 
At beginning containe . 0.200 
a) After 24hrs. “ 0.1869 
h - = a 0.1611 
( ~y ia " 0.1551* 
d - 9 * ” 0.1212 
é ” 120 “ 5 ; 0.1173* 
iss - : 0.0823 


* When the results described in this table are pl itted the two values 
marked with the asterisk lie considerably outside the curve. This is 
due to the fact that undecomposed hydrogen peroxide was still present 
when the potassium permanganate was added. Thus when two solutions 
containing exactly the same amount of glucose but one of which also 
contained 5 ec. of 3 per cent hydrogen peroxide were analyzed, without 
decomposing the peroxide, the former was found to contain 0.1802 gm. of 
glucose by the complete oxidation method. The other containing the 
peroxide apparently contained 0.2165 gm. of glucose when calculated on 
the basis of the oxygen consumed. This difference is due to the well 
known fact that hydrogen peroxide reduces permanganate with the evolu- 
tion of oxygen. 

The results are given in this form in order to illustrate this error. 
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six times as much material as No. 2 in Table II was set up and 
we mee 


placed in the incubator at 37°. 75 ec. of this solution (corr 


I 


sponding to 0.200 gm. of glucose) were taken out for analysis 
definite intervals as indicated in Table V. 


Ex pe ments with the Carbonates of Sodiun 
The preceding results clearly confirm Léb’s claim that 
presence of phosphate mixture glucose is oxidized by hydroger 
peroxide. Since he failed to observe appreciable amounts OT o% 
dation when he used the other common reaction regulator mixtures 
it scemed unnecessary to test the se again for the pres nt. It cil 
seem advisable, however, to make some experim nts wit} 


carbonates of sodium for several obvious reasons. 


i. Tn flue nce of Sodium Carbo ate-B carbonate. If the phos- 
phates do not exercise a catalytic effect in this oxidation and th 
effect observed is due to OH ions then an equimole cular amount 
} 
1 


of sodium carbonate and bicarbonate should have fully as mucl 


effect. That this is not true was definitely established by the 
following experiment in which 2.43 gm. of NaeCO..10H.O, 0.72 
om. of NaHCO,, 35 ee. of distilled water. 20 ec. (0.200 om.) oj 
glucose solution, and 20 cc. of 3 per cent HO» were kept 4 days at 


Upon analysis the peroxide Was found to h; ve been com- 


biel 


) 
od 


pletely decomposed and equivalent of 0.1902 gm. of glucose was 


recovered: é., 9 per cent was apparently oxidized as agalnst SU 
per cent oxidized with the corresponding phosphate mixture. 

In the above experiment the two carbonates were used in the 
same molecular amounts and proportion as the two phosphates ir 
Experiments 5 in Tables I and II. The solution therefore cor 
tained at least the same amount of available alkali but had 
somewhat higher OH ion concentration than thi phosphate mix- 
ture referred to. If OH ion concentration and available alkali 
are the controlling factors in these oxidations this experiment 
should have shown as much or more oxidation than was obtained 
with the phosphate mixture. 

-# Influence of H.CO and NaH Ors. The results in Table \ 


suggest that the vi locity of decomposition of sodium bicarbonate, 
possibly produced in the oxidation, may be a factor in determining 


the ve locity of oxidation. The following three expt riments were 



































done 


iments were set up in similar 250 ec. flasks and kept in the incuba- \ 
tor for 24 hours at 37° after which they were analvzed in the usual 
manner. 

1) 32.0 ce. of 0.838 mM NaHePO, solution + 1.22 gm. of i} 
NacCOs,.10H.O. This mixture effervesced in the cold. It i 
heated to boiling to expel COs, cooled, and the following wei j 
\dded: ] 

er 0.200 gm.) of glucose solution, 20 ec. of 3 per cent 
H.O., 3 ce. of distilled water. 0.0761 em. of gluco Vas reco 
ered 

2 Components thi same as in (1 y 

\ll ingredients were mixed except the peroxide before adding 


the NasCO;.10H-O in order to prevent the loss ol CQO iS much 


as possible. 0.1906 gm. of glucose was recovered. 
3) 25.6 ec. of 0.33 Mm NaeHPO, solution. 


20.0 ‘© (0.200 gm.) of glucose solution. : 
20.0 “ of 3 per cent H.OQs». 
3.0 “ “ distilled water. 4 
0.0774 gm. of glucose was recovered 4 
On the basis of the conditions of the experiments the results of 
1) and (3) were expected to be identical because the reactior 
mixtures as used were identical. As a matter of fact the amount 
of glucose recovered was nearly the same in (1) and (3 It was r 
expected that the oxidation in (2) would be somewhat slower. I 
fact only 5 per cent of the olucose WAS OX1 lized in (2 Ss comparec 
with over 60 per cent in the others. This indicates that not only 7 
do HCO; and NaHCQs not catalwze the oxidation of glucose wit! 
hydrogen peroxide but that they actually retard it. 
The interpretation of the influence. of the sodium carbonat: 
added in (2) has not been fullv established as vet. There are 
several factors to be considered, thre: of which are as follows a : 
NaeCO; may under the conditions in (2) not react completely to 4 
give only NasHPO, and HeCQs; (b) if so, any NasCO; or NaHCO; q 


rent 


the 


the activation or dissociation of H.O 
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in order to test the influence of this condition. The exper- : 


1 ] 


64 * “ 0233 “Nana - By 


uning would rapidly catalytically decompose the H.OQs; (« 


presence of CO. to the point of supersaturation may retard g! 
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9. Influence of Sodium Carbonate.—The following experiments 
were done in order to determine what influence sodium carbonate 
exercises on the action of disodium phosphate. 

1) 32.0 ce. of 0.83 M NasHPO, solution. 

au“ * water. 
20.0 “ * glucose solution (0.200 om. 
20.0 * “ 3 per cent hydrogen peroxide. 

0.0311 gm. of glucose was recovered. 

2) Same as in (1) with 0.61 gm. of NaseCO;.10H.0O. 

0.1741 gm. of glucose was recovered. 

3) Same as (1) with 1.22 gm. of NasCO;.10H.0. 

0.1737 gm. of glucose was recovered. 

rhe solutions were kept in the incubator at 37°C. for 45 hours 
and on analysis the amounts of unchanged glucose given wer 
found. All hydrogen peroxide present had been decomposed. 

The results show that sodium carbonate exercises a strongly) 
negative influence on this oxidation in spite of the fact that th 
OH ion concentration is higher in (2) and (3) and the availabk 
alkali in (3) is twice what it was in Experiments 5, Tables I and IT. 

This negative influence on the final result of the oxidation may 
be due simply to the fact that the velocity of decomposition Ol 
peroxide by NaeCQOs is many times greater than that by NasHPO, 
ind that the glucose oxidation induced by NasCQOs itself is rela- 
tively small in comparison. 

The abor Cc observations on the influence of the carbonates Ol 
sodium permit us to conclude that, whatever the mechanism of! 
(‘O. formation in this oxidation may be, carbonates of sodium aré 
not intermediate stages in the process of COs liberation. 

10. In flue nee of Sodium Hydroxide.—The following three expr ri- 
ments were done in order to determine the influence of sodium 
hydroxide on the effect of the phosphate mixture. 

1) 25.6 ec. of 0.33 M NaoHPO, solution + 6.4 ee. of 0.33 
NaH.PO, + 20 ce. (0.200 gm.) of glucose solution + 20 ec. of 3 
per cent H.O». + 3 cc. of water. 

2) The same as (1) exce pt that one-half the water was re place d 
with 1.5 ec. (0.0857 gm.) of NaOH solution. 

3) The same as (1) except that all the water was replaced with 
0.1714 gm.) of NaOH solution. 
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After 503 hours at 37°C. the solutions contained no unchanged | 
peroxide. They were analyzed and found to reduce KMnQ, cor- 
responding to glucose as follows: | 

1) 0.0088 gm. of glucose. lf 

2) 0.0140 “« “ « " 

2) on083 “* “ 66 F 

The sodium hydroxide has a perc ptil le but not a large ret | 
ing effect which is interpreted tentatively in the light of othe: i] 
experiments as due simply to its effect in increasing the decompo- 
sition of the hydrogen peroxide. In this respect its activity is ia 
not so great as that of the carbonates which coincides with its \@ 
smaller retarding effect on the action of the phosphat mixture, 

11. Partiai Int p elation of the Influence oO} Disodium Phos- a 
phate, Since there are three compounds actively concerned in | 
this oxidation reaction and since glucose and peroxide alone do not : 
react appreciably there remain three possible ways of interpreting i 
the reaction on the basis of the formation of molecular « ompl xes 
which are so frequently found to underlie catalytic phe nomena, a 

1) NasHPO, and H.O, may give an unstable complex which i1 ; 
turn reacts to oxidize glucose. by 

2) NasHPO, and glucose may form a hexose phosphate whicl a 
is more sensitive to H (). than free olucose. 

3) The three compounds may form a single complex the inst ; 
bilitv of which gives rise to the oxidation. ‘f 

1) and (2) are readily capable of being tested experiment 
by known methods. 3 could conceivably take place in several ; 


ways none of which appears to be readily capable of experimental 
confirmation. 

The NaHPO,-HO. ( om plex. That such a complex may be ‘ i 
formed is suggested by th experiments Ol Petrenko on H.O 
derivatives of NasPQO,. \ perphosphate of NasHPO, is unknown. 


Moreover perphosphoric acid is apparently unknown. How- 


ever, pyrophosphorie acid gives a peracid with H.Oc, stronger fl 

H 

; 

l Petre nk » Cy e pl “chem Gre 1902 XXXIV 204 oYl: Chem. : 

Zentr., 1902, i, 1263; ii, 95. Cf. also, Gemlin-Kraut, Handbuch der anor- 4 
ganische Chemie, Heidelberg, 7th edition, 1906, i, pt. 1, 146. 

Price, T. S., Per-acids and their salts, New York, 1912, 77 # 
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than Caro’s acid and which oxidizes Mn to KMnQ, and its sodium 
salt Na,P.O; gives a stable persalt with 3 per cent H.O..' 

There is therefore some basis in fact, even in this little studied 
field, for the idea that NazHPO,; may form an unstable perphos- 
phate as is suggested in the succeeding paragraphs. 

Decomposition of Hydroge 7) Pe POL di by the Phosphate M I- 
ture.—Various experiments were done on the influence of NaoHPO, 
on hydrogen peroxide although it is definitely stated that it is 
without influence on peroxide. My own experiments, which will 
not be deseribed here, show that it does decompose hydrogen 
peroxide and that the presence OF an equimolecular amount ol 


NaH.PO, retards but does not stop the decomposition. 


rABLE VI, 


0.1 N KMnO, Consumed by & Cc. of the Mixture. 


] 22.40 22.62 22.45 
2 22.10 21.06 1S.45 
3 19 35 14.53 2.75 
| 17 06 11 65 t 31 
5 15.72 9 86 1 OS 


The only experiments to be described here represent a repeti 
tion of the glucose oxidations at 37° in Table II in which the glu- 
cose was omitted and in which the peroxide content was deter- 
mined at intervals during 96 hours. The results given in Tabl 
VI indicate the amount of peroxide remaining, at the various inter- 

als, in terms of ee. of 0.1 N KMnQO, consumed by 5 ec. of th 
mixture. 

The phosphate mixtures and the hydrogen peroxide wer 
warmed for 24 hours at 37°C. before being mixed in order to pr 


vent a lag which is otherwise observed during the first 24 hours. 


3 Schenck, R., Vorlinder, F., and Dux, W., Z. angew. Chem., 1914 
xvii, pt. 1, 291 


‘ CGemelin-Krau 
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The data show a progressively increasing decomposing effect 
with increasing phosphate content although the mixture is neither 
appreciably acid nor alkaline.! 

In conclusion it may be stated that there are clear indications 
that Nas,HPO,-H.O2. may form an unstable complex, but as yet 
there is no satisfactory evidence. 

The NacH PO,-Glucose Compl Le Harden and Young, von Li . 
bedew, and others'’:'® showed that, in the yeast fermentation of 
glucose, NasHPO, combines with glucose to form a hexose phos- 
phate ester. The presence of this complex was demonstrated in 
part by the fact that much of the phosphate was no longer pre- 
cipitated with “magnesia mixture.’’ Other hexose phosphori: 
esters have been obtained by chemical methods!’ but the labora- 
tory preparation of von Lebedew,'® and the commercial manufac- 
ture'® of hexose phosphate ester are carried out only in the 
presence of growing yeast. It therefore seemed necessary to 
determine experimentally whether such a complex is formed in 
aqueous solutions of glucose and the phosphate mixture alone. 

A solution corresponding to No. 5 in Table II except that it 
contained 20 cc. of water instead of the peroxide solution was 
kept 3 weeks in the incubator at 37°C. At the end of this tims 
the glucose content was found by reduction methods to be un- 


changed. After standing 3 weeks more in the laboratory th 


It should be noted that the interpretation of this decomposition of 


H.O, in this case cannot be attributed to the OH ion, since the solution has 
ibout the OH ion concentration of water, which is without influence. It 
is Interesting to note in this connection that Schenck, Vorlinder, ar 
Dux’ found that Na«P.O; solutions, which are s kaline s to 


soapy,’’ actually stabilize HO, by forming a stable perpyrophosphate 


Moreover, it was found in experiments which will not be given here t! 
the presence of Na;P2O; with NasHPO, retards or preven l 
f glucose with H,O., but not by decomposing the H,O th NaHCO 


von Lebedew, A. V., Biochem. Z,, 1910, xxviii, 213; 1911, xxxv 4S 
Kmbden, G., and Laquer, F., Z. physiol. Chem., 1914-15, xciii, 94 Embder 


G Griesbach, W., and Laquer, F., Z. p/ lL. Chem., 1914-15, xe , 124 
Cf. foot-note, Meyer, V., and Jacobson, P., Lehrbuch der organischen 
Chemie, Leipsic, 2nd edition, 1902 pt. 2, 927 
( for instance Bayer and Company, German Patent 292,817, 1 


ruary 26, 1915; Chem. Abst 1917, 3 1519 
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phosphate was precipitated with “‘ magnesia mixture”’ and weighed 
as the pyrophosphate. <A solution of the phosphates alone mad 
up to the same volume was similarly precipitated at the same 
time. The two precipitates after ignition showed the sam« 
weight, within a small fraction of 1 per cent, which shows that 
hexose phosphate ester was not formed to any significant extent 

Similar solutions containing glucose and the phosphate mixture 
were kept under observation in the polariscope in compariso1 
with glucose solutions without phosphates. In 4 days there was 
no measurable change in optical rotation in either solution. 

These data, taken with the absence of positive data in the lit 
erature, seem to prove that a hexose phosphate ester such as was 
found by Harden and Young is not formed under these condi- 
tions and consequently has no part in bringing about this oxida 
tion of glucose. If some othe tvpe ol complex is formed its 
presence was not demonstrated by these methods. 

In flue LCE of ‘i me on the Glu ose-Phosphate-Pe roxride Reaction. 
When it was found that the rate of peroxide decomposition has a 
definite relation to the phosphate concentration it was of interest 
to learn what relation the rate of glucose oxidation bears to the 
rate of peroxide decomposition. The results given in Table VII 
are ty pical for the rate of glucose oxidation as obtained by com- 
piling experimental results obtained in conditions like those used 
for Table II. 

In order to test this more fully experiments like Nos. 1 to 5 i1 
Table II were set up having a total volume of 150 ce. and which 
were placed in the incubator at 37°. The phosphate-glucose mix 
ture and the peroxide were warmed separately for 24 hours beforé 
mixing to eliminate what appear d to be a te mperature lag in the 
curves. 10 ec. were removed and analyzed at definite intervals 
and the results were calculated and recorded in Table VIIT on 
the basis of 75 ee. and thus correspond to the results in Table VII 
The materials used in Table VII were not warmed before mixing 
which accounts for the difference in the slope of the curves when 
the data are plotte d. 

The results in both series are substantially the same and show 
that the rate of glucose disappearance in the presence of the 
phosphate mixture is appreciably faster than the rate of H.O> 
disappearance in the absence of glucose (Table V1 
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The above constitutes a partial experimental interpretation of 
the catalytic influence of disodium phosphate on the oxidation 
of glucose with hydrogen peroxide. The results clearly suggest 
that the glucose is really oxidized by an unstable disodium per- 
phosphate, formed by the action of peroxide on disodium phos- 
phate. 


rABLE VII 


Glucose Re maining from 0.200 Gm, Use 
\ 50 3 = 
] 0.1897 
2 0.1843 
o 0.1249 
4 0.1037 0.0135 
5 0.0088 

rABLE VIII 

Glucose Remaining from 0.1902 Gm. U 
No 26.5 hrs 44 
l 0.1702 0.1455 
2 0.1362 Q.1074* 
3 Q _O489 
4 0 O195 
5 0 0273 

* The behavior of No. 2 is quite variable. Sometimes oxidation is as 


slow as in No. 1 without phosphates and sometimes it is nearly as fast as 


in No. 3, but more frequently it is about as given in these results. 


12. Is a Glucose-Phosphate Solution Oxidized by Air?—Having 
shown that the disodium phosphate plays a specine role in this 
catalysis the question arises as to whether the use of peroxide is 
necessary. A few experiments were done in order to determine 
whether air could be used instead of peroxide. It is well known 
that caustic alkalies catalyze the oxidation of sugars by air 
with the formation of more or less CO» depending on the condi- 
tions of the experiment. In the absence of definite data it was 


possible that the phosphate mixture might plav the réle of caustic 
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alkali. A mixture like No. 5 in Table Il was placed in a wash 


bottle. A rapid air stream was bubbled through it for 48 hours 
during 6 days. The permanganate required by 10 ec. was deter- 
mined at the beginning and at the end of the experiment and 
showed that no perceptible oxidation had taken place This 


shows that disodium phosphate does not act like alkali in this 


respect. but rather conforms to the réle of a true ry roxidase. 


SUMMARY. 


l. The work oO} Lob on the ACC le rative effect ol phospl 
mixtures on the oxidation of eluco with hvdrogen peroxide 
] 


repeat d and confirmed. 


ee ; : _ , ;, oy 
», The confirmation consisted in proving by an adequat 


method that the destruction of glucose, conceded by all in this 


Case, 1S oxidatior ‘ 

3. It was shown that glucose may by quantitatively oxidized to 
(*() with hydroge n peroxide in the presence of the phosphate mix- 
ture. This fact it appears was not suspected by L6b, and increases 
the importance of his observations considerably. 


1. The results as a whole show that although optimal OH ion 


concentration is possibly necessary it is less important tha 
( Bacl \ in Oppe ! ( HH | ler B 
Mensche ind der Tier Jer ist edition, 1913, suppl., 160 

Inorganic « I ls kn to pla he rol per lase 
( lations have he Bach state n llie salts of e hea 
metals such as iron and manganese Che synthetie peroxidases of Tril 

rrillat, M \ Compt er {cad 1904, exxxvili, 274 of Donyv-Hénault 
Dony-Hénault, O., Bull. acad 1. belg., 1908, 105), ete., prepared fro 
m ganes were pre d to rese bh l tat what 1 i ott 
re tl Sel per f zing enzym« The peroxida 

| 1 yhos} e differs thes rganic pert lases in tl tl 

pel pel s de lent 1 the phosphate part of the 1 ecule 
Q)tt ml t Do { ad l hibit } same eftect () he othe 
hand dipotassium phosphate, as was shown by experiments not yet pul 
lished, has the same effect. That the remaining alkali and alkaline eartl 
dibasic phosphates may act in the same way seems likely. 

From this point of view then these results are of considerable interest 
be ause we have a < mpound pla ing the role of pe roxi | ise, in which the 
non-metallic part of the molecule carries the characteristic property. hh 
this respect it seems likely that it resembles the biological peroxidases 


} 1 


more closely than the heavy metal derivative peroxidases do. 
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LéOb’s experiments and interpretation would indicate, when the / 
phosphate mixture is used, and that the optimal limits, if the 


exist, are wider than he states. 









: 
In fact it seems more accurate to retrain trom emphasizing i 
segregated OH ion in interpreting the reaction and simply 
that the effect is specifically related to the presence of disod 
phosphate under suitable conditions. , 
a The amount ol disodium phosphat« sed the most signi 4 
cant factor in determining the reaction. litie Or much mone | 
sodium phosphate was used with a constant amount of disod i 
phosphate without producing a marked negative effect 3 
reaction, if 
6. The phosphate mixture may be used repeate oc it ‘ 
the oxidation of additional amounts of glucose owing to the fact } 
that the product ( () is evolved from the reaction mixtu 
during the process of oxidation, Disodium phosphat: ording|h ij 


plays the réle of a ty pical catalyst. }" 


- Consequently disodium. phosphate functioning in the man- 


ner described in this paper Is the only chemical substances know! 


to be generally necessary to the life of organisn that is know) 
to catalyze the quantitative oxidation of glucose to carbon dioy 

8. That compounds like hexose phosphate ester are the int 
mediates involved in the acceleration of oxidation described 


this paper seems almost certain at first, in the light of the res 


of Harden and Young of von Lebedew nd o mbde 


Griesbach, and Laquet The attempts so far made to estal 
? : | ‘é +; of 1 { +1 SI + 
he formation of such a compound failed to demons 
tion under these conditions. 
, 
9. On the other hand a clos pare llelism between the rate 
spontaneous decomposition of peroxide and the rate of glucos 
oxidation in the same solutions was established. ihis togethe) 
with other facts developed Vives experimental basis Tor the id 


that the oxidation really depends upon the intermediate formation 
1\ reactive pe rphosphate. 

10. In producing this accelerating effect upon glucose oxidation 
disodium phosphate doe S not play the rol of both Oxy genase and 
peroxidase, as some inorganic compounds do, but acts only as a 


peroxidase. It is unable to activate atmospheric oxygen to an) 


appre clable extent. 
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11. That the phosphate catalysis does not depend alone on 
unlimited capacity to decompose peroxide is clearly shown by 
the fact that the hydroxide and carbonates of sodium, which are 
much more effective in decomposing peroxide, diminish the glu- 
cose oxidation roughly in proportion to their increased ability to 
decompose peroxide. 

12. Glucose is not oxidized by hydrogen peroxide in solutions 
containing NaHCO; and Na»CO; when these are used in the same 
molecular concentrations as the two phosphates in the phosphat« 
mixture. 

13. These results together with those with sodium hydroxide 
show that available alkali, contrary to what was observed in thi 
permanganate oxidation of glucose,’ *° is without appreciabl 
influence on the oxidation of glucose with hydrogen peroxide. 


Witzemann, E. J., J. Am. Chem. Soc., 1917, xxxix, 2657. 



























STUDIES ON MOLLUSCAN CELOMIC FLUID. 


EFFECT OF CHANGE IN ENVIRONMENT ON THE CARBON 
DIOXIDE CONTENT OF THE CELOMIC FLUID. 


ANAEROBIC RESPIRATION IN MYA ARENARIA. 
By J. B. COLLIP. 


From the Marine Biological Station, Departure B f 


Received for publication, September 10, 1920 
J 


INTRODUCTION. 


It was noted in a previous communication (1) that the con- 


tent of combined carbon dioxide of mollusecan celomic fluid tends 
to rise when the animals are removed from their natural environ- 
ment whereas a fall was noticed in this factor in the case of fis] 
removed from their natural habitat. In order to determine what 
was the cause of this peculiar effect in the molluscan forms a 
series of experiments was undertaken, the results of which ar 


herein reported. 
EXPERIMENTAL, 


Effect of Expos e to Atmospheri« Air o7 the Combined Carl 


D Or li Content of the C¢ loam ( Fl 


The method of securing samples of celomic fluid or ‘‘clar 
juice’ from the various specimens was the same as that detaile 


previously ids Specimens of seven species Ol pe leeypod Mo! 


usca were exposed to atmospheric air in a closed glass container 


for varying periods of time. One species of the Amphineura 
and two species of the Gastropoda were similarly studied. Sev- 
eral non-molluscan forms were also exposed to atmospheric air 
under similar conditions. These included the caleareous shelled 
arthropod Balanus aqu lla, the common brachiopod Terebretella 
fransversa, various Crustacea of the decapod type starfish, sea 
urchins, and certain varieties of marine fish. The container 
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used was of good size and a full supply of oxygen was assured 


It was kept covered to prevent loss of water by evaporation 


Filter paper moistened in sea water was frequently placed in th 
container with the specimens. Specimens which were exposed 
to air were kept in certain instances at a fairly constant tempera 
ture by immersing the container in sea water while in others 
they were kept in the laboratory and were thus subject to the 
temperature changes of the latter. Table I illustrates the effects 
of exposure to air for various periods upon the combined carbon 
dioxide content of the celomic fluid of the different species inves- 
tigated. The rapid increase in the carbon dioxide content of the 
celomic fluid of the molluscan forms and the arthropod Balanus 
aquilla is very striking. That this increase is due to bicarbonate 
is evident ‘since the samples were equilibrated with atmospheric 
air before being submitted to analysis. The decapod crustaceans 
examined failed to show this reaction, while a very slight increase 
was in some instances manifested in the echinoderms. As the 
latter reaction wes not uniform it is of verv doubtful significance. 

The survival time for specimens exposed to atmospheric air 
varied greatly. It was early noted that Mya arenaria was pecu- 
liarly resistant to long exposure to atmospheric air at the tempera- 
tures which prevailed in the surface water and the air at Depar- 
ture Bay during the summer months. It was for this reason 
used extensively in later investigation. It is regretted that no 
facilities were ay ailable which would enable one to ke ep specimens 
at a low as well as constant temperature. The results obtained 
will therefore have to be considered in the light of this condition 
The greatest increase in the carbon dioxide content of the blood 
was In two specimens of Mya arenaria which had been exposed 
for 96 hours. The increase here was from 6.5 volumes per cent 
in the controls kept in sea water to 105 volumes per cent In the 
specimens exposed to atmospheric air at the temperature of sur- 
face sea water. The container used was a 6 liter evlindrical 
glass museum jar and it was opened daily both for the purpose 
of removing specimens for examination and to allow a change of 
air. The temperature of the sea water in the vessel which was 
taken on the 4 consecutive days during which these specimens 


were exposed was 19.8°, 18.8 19.3°. and 18.9°C Slightly over a 
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sixteenfold increase in the combined carbon dioxide in the blood 
was noticed in this instance. 

The increase in the carbon dioxide In the small pelecypod 
Vacoma secta from 11.2 to 48.6 volumes per cent in 6 hours is 
noteworthy, as is also that observed in the gastropod Poly ces 
lewisit following 30 hours exposure. The combined carbon 
dioxide rose in this latter instance from 12.5 volumes per cent 
in the control to 77.4 volumes per cent in the exposed specimen. 


There were few forms which would survive an exposure to atmos 


phe ric air of more than 24 hours at the prevailing land and sur- 


| 

face water temperatures. The amphineuran Cryptochiton, the 
cockle Cardium corbis, and the eagle barnacle Balanus aquilla 
were very sensitive to exposure. The horse clam Schizothoerus 
nuttall . and the butte r clam Sax domus mgantea withstood an 
exposure of 24 to 48 hours. The little neck clam Paphia staminea 
and the edible form Mya arenaria were very resistant to ¢ xposure 


and in some instances survived as long as 5 days when placed 


1) 
in the air, the evaporation of water being practically excluded. 
The nudibranch Anisodoris was most sensitive of all forms, dying 
shortly after being brought Into the laboratory The absence 
of a calcareous shell is probably associated with the lack of resis- 
tance to exposure to air in this form although the temperature 
factor must also be of great importance. 
Effect of Exposu m to Atmosphe ™ 4 — the _ D " 1 
Capacity of the Celomic Fluid. 

Several samples of celomic fluid taken from specimens exposed 
to atmospheric air for varying periods were analyz d in the Van 
Slyke apparatus (2) when equilibrated with atmospheric air and 


] 
| 
i 


also when equilibrated with alveolar air of the norma subject 
after the manner described by Van Slyke and Cullen (3). Table 
II illustrates the results obtained in this series of experiments. 
It will be noted that in every instance the carbon dioxide capacity 
of the sample was considerably in excess of the carbon dioxide 


content of the same when equilibrated with atmospheric air. 
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Effect of Exposure to Atmospheric Air on the Total Nitrogen Content 
of the Celomic Fluid. 


In order to determine if the increase in the carbon dioxide con- 
tent of molluscan celomic fluid brought about by exposure to 
atmospheric air was in any way due to an increase in its protein 


content the total nitrogen was determined in from 25 to 100 ee. 





of composite samples of celomic fluid taken from several speci- 


mens. ‘The estimation was made by the usual Kjeldahl method. 


The results are expressed in Table III. As there was a slight 
rABLE III 
1 Schizothoerus nuttal 5 is 
2 4 0 Q) 
} 4 4 Z 
15 Sa yant 03 Q) 
s 1 8 () 
23. | Papi 70.0 
QR { ‘} yan 
6 ( t 7 OO 0 
6 SO 4 {) 
14 Vy é { 0 
11 10.7 I8 
| Poly le fluid from foot 9 2 
increase in two species, Cardium corb and Mya arenaria, prac- 


tically no change in Saridomus gigantea, and a s 
Schizothoerus nuttalli and Paphia staminea, it is very unlikely 
that protein plays any appreciable part in the increase in the 
combined carbon dioxide or alkali reserve of the celomic fluid of 


the mollusk which has been exposed to atmospheric air. 


Effect of Exposure to Atmospheric Air upor the Calcium and 
Magnesium Content of the Celomic Fluid. 


Calcium and in a few instances magnesium were determined 
in composite samples of celomic fluid taken from. st veral speci- 


mens which had been exposed to atmospheric air tor varving 
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periods of time. The method of MeCrudden (4) was followed, 
the calcium being estimated by the titration of the oxalate with 
0.1 N potassium permanganate. 25 cc. of celomic fluid were 
used in most instances. This was evaporated to dryness on the 
water bath, fused, dissolved by the aid of concentrated hydro- 


chloric acid, and the calcium finally precipitated as the oxalate 


The results are shown in Table IV. It will be noted that, whereas 
magnesium increases only very slightly in the blood of an exposed 
mollusk, the calcium increases to a great extent and also the 
increase in this latter constituent is more or less parallel with the 
increase In the combined carbon dioxide. It is therefore evident 


that the great increase in the alkali reserve of the blood of mol- 


luscan forms when exposed to atmospheric air is due toan increase 
in the concentration of bicarbonate which is balanced for the 
most part by an increase in the concentration of the calcium ions. 
Mvers 5) has reported finding 307 mg. of calcium calculated as 
oxide in the blood of Saridomus nuttalli and 197 mg. in Schizo- 
thoerus nuttalli. He has also commented on the very high cal- 


cium content of molluscan blood I have failed to find that the 


calcium content of the celomic fluid of fresh molluscan forms 


differs materially from that of sea water. It is only after expo- 


sure to air that the calcium content becomes high. 


Effect of Expos ire to 1/mo phe "2c A iy upon the Total A ralinit 


Lacking the means of determining the hydroge n 10n concen- 
tration, a most important factor in these experiments, a method 
was employed to determine approximately the tota! alkalinity of 
the blood and also its buffer value. The method adopted was 
similar to that previously described (1) based on the principle 
made use of in the method of double titration for bicarbonates 
by Brown and Escombe (6). The presence of small amounts of 
protein would of course introduce an error but as has been shown 
the protein content of the celomic fluid does not vary to any 
appreciable extent and therefore approximately the same degree 
of error would exist in all the titrations The alkalinity was 
determined | 


y noting the amount of 0.01 N alkali required to 
produce a just noticeable pink tint when phenolphthalein had 
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this experiment was performed were on the Ist day 24.4° and 
10.9°C., on the 2nd day 23.9° and 11.4°C. It will be noticed 
that the increase observed in the concentration of bicarbonate in 
the celomic fluid is very marked. It is not, however, so great 
as that which is found when the specimens are exposed to atmos- 
pheric air. The increase in the calcium and magnesium is com- 
parable to that observed for bicarbonate 


Effect of Exposure to a Nitrogen Atmosphere. 


Three specimens of Mya arenaria were placed in a small 
desiccator containing a concentrated solution of pyrogallic acid 
in 40 per cent sodium hydroxide. A glass tube was so attached 


rABLE IX 
COs: per 
100 ec. of 
No eee eee fluid equili- —— 
used. “ enieanens brated with a 
atmos- 
pheric air 
3 VU ya arenaria S.0 Fresh control. 
3 34.8 25 hrs. in glass container in laboratory 
3 ” 17.8 25 “ “ desiccator over alkaline pyro- 
gallol. 


to the exhaust cock that as oxygen Was absorbed the air which 
‘entered first bubbled through the alkaline pyrogallol in the bottom 
of the desiccator. ‘Three other specimens of like size were placed 
at the same time in a glass container which was kept at the same 
temperature as the desiccator for the duration of the experiment 
After 25 hours the specimens were bled and an analysis was 
made of the composite samples of celomic fluid. The results 
are expressed in Table IX. It will be observed that the com- 
bined carbon dioxide of the celomic fluid did not increase to 
the same extent in the specimens which were kept in the desic- 
cator over alkaline pyrogallol as it did in the controls which were 
kept in the air. 
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TABLE XI 


rotal CO 


Specimer 
pecimen per 100 c« 


Experiment l. 
1 Mya arenaria (1 


og 


Placed in 275 cc. of boiling 
water. 

Sea water (boiled 3.3 

1.7 After 24 hrs. No decom; 

tion of clam tissue. 

12.0 After 48S hrs. Decomp sit 
clearly manifested. 

55.0 After 72 hrs. 

67 .0 = oo 

72.0 “144 

Experiment II. 

10 Mya arenaria (500 ec Placed in 700 ce. of boiled sé 
water containing 9.5 per cent 
alcohol. 

Sea water (boiled 2.8 

¢ “ " 3.3 After 24 hrs. 

sas " 11.7 - Milky, decomp 
sition evident 

6 y mate 35.0 After 96 hrs. 


DISCUSSION, 


1 


As has already been indicated the marked increase in the 
bicarbonate content of the celomic fluid, and therefore in all 
probability of the blood and tissues of the calcareous shelled 
pelecypod mollusks and the arthropod Balanus aquilla on expos- 
ure to air is quite opposite to the effect observed in fishes wher 
they are removed from their natural habitat. This phenomenon 
is undoubtedly associated with the presence of a caleareous shell 
the calcium carbonate of which furnishes an alkali reserve which 
is added to that of the body fluids and tissues, and which it 
appears can be readily utilized. 

As specimens of Mya arenaria appear to remain practically 
normal even after long exposure to atmospheric air there is no 
reason to suppose that any material change has been effected in 
their metabolic processes as a result of the change in environment. 
If one assumes, therefore, that combustion still proceeds in the 
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exposed specimens, then the increase in the bicarbonate content 


of the hody fluids can be explained according to the equation 
Co. + H,.O + CaCO; = Ca(HCoO: 


The carbon dioxide resulting from the respirato1 rocess 
would, by slightly increasing the hydrogen ion concentration 
dissolve calcium carbonate from the shell and the e mcentration 
of the calcium ions and of bicarbonate ions would therefore 


ste dil rise as combustion in the tissues proceeded The amount 


of carbon dioxide actually excreted from the specimens in thi 


gaseous form was not determined. If this factor were know1 
one could calculate the intensity of metabolism in these forms 
Vv conside ring the amount of carbon dioxide excreted in addition 
to the amount retained as bicarbonate. It would ear that 


50 per cent of the increase observed in the carbon dioxide content 
of the celomic fluid is due to carbon dioxide formed by combus- 
tion in the tissues, while the remaining 50 per cent results from 
the solution of calcium carbonate of the shell. 


The d 


titration is by no means an Indication of the hydrogen ion con- 


»¢ 


rree of alkalinitv of the celomic fluid determing 


centration, but the ratios observed between the alkalinit hngures 


ind the reactivity values suggest that no marked increase in the 


hydrogen ion concentration takes place during the ear! part of 
the exposure at least. The reactivity or buffer value is, in nearly 
every instance, in close agreement with the calcium content and 
the carbon dioxide concentration of the celomic fluid. 

The increase in the alkali reserve as indicated OY an increase 


in bicarbonate concentration In specimens exposed to atn ospheric 
air is due for the most part to increase in the calcium content 
Magnesium, which in the normal animal in its natural habitat 
exceeds calcium in the degree of its concentration, and therefore 
balances a greate proportion of bicarbonate ions than does 
calcium, increases only slightly as compared with calcium when a 
specimen is exposed to air. It is probable that the relative 
increase in calcium and magnesium concentrations under these 
circumstances is somewhat similar to the relative amounts of 
these substances in the shell from which solution of bicarbonate 


is taking place. It is of interest to note here that no increast 
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The ability of an animal to resist a lack of oxygen may or 
may not be connected with an anaerobic respiratory mechanism 
If one finds complete evidence of metabolism in an animal exposed 
to anaerobic conditions, then anaerobic respiration would be 
indicated. Such seems to be the condition in the case of Mya 


arenaria. Crustacean types which were exposed to the air 


oO! 
submerged in boiled sea water died within a few hours. The 
carbon dioxide content of the blood was, however, practical] 
unaltered by such procedures. These forms do not use the 
calcium carbonate of their carapace as a protective measure whet 
removed from their normal habitat. 

In the light of the results of the experime nts which have so 


far been conducted upon Mya arenaria the writer has tentatively 
to conclude that individuals of this species behave as facultative 
anaerobic organisms. It is realized, however, that in these pre- 
liminary experiments absolutely anaerobic conditions were not 
secured. It is the intention to continue this work at another 
time when it is hoped to determine the hydrogen ion concentra- 
tion of the celomic fluid and the rate of oxygen consumption 
under various conditions 


SUMMARY. 


1. Caleareous shelled pelecypod Mollusca and the arthropod 
Balanus aquilla have in the calcium carbonate of their shells a 
potentially great alkali reserve. 

2. Exposure of these forms to atmospheric air causes a marked 
increase in the combined carbon dioxide of the celomie fluid 

3. There is under these circumstances a parallel increase in the 
calcium concentration and the buffer value of the celomie fluid. 

+. Various other marine forms studied did not so react. 

5. There is no increase in the total nitrogen of the celomic fluid 
of the pelecypod Mollusea exposed to atmospheric air. 

6. Mya arenaria is particularly resistant to long exposure to 
atmospheric air. 

7. When specimens of Mya arenaria are placed in a relatively 
small volume of fresh sea water, boiled sea water, distilled water, 
or in a hydrogen or a nitrogen atmosphere much the same reac- 
tion is observed as when specimens are eX} osed to atmospheric 


alr. 
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Che failure of the body to utilize carbohydrate and the increased 
combustion of fat in diabetes are regarded by most workers as 


an excessive amount ol acids, 


responsible for the production oO 
particularly aceto-acetic and $-hydroxybutyric acid, which cause 
a diminution of the alkali reserve of the blood and pre sumably 
of the tissues. It has been shown, on the other hand, by Elias 
1912-13), and Elias and Kolb (1913), and others,' that the admin- 
istration of mineral acids to dogs causes glucosuria and hyper- 
glycemia. Jensen’s (1918) work, however, seems to indicate that 
if the acid is sufficiently dilute much larger quantities may be 
given to dogs without causing an excretion of glucose by the 
kidney. He Was abl to increase glucosuria In dogs by idministi I 
ing 600 ec. ot O.1 N hydrochloric a id solution, onlv after seven- 
eighths of the pancreas had been removed. 


\lurlin and Kramer (1916) were able to increase the amount 


ol glucose in the blood and urin¢ Ol depanere it] | logs by 
giving, by mouth, a solution of hydrochloric acid. These results 
led Murlin and Sweet (1916-17) to study the course of pancreati 


diabetes after the extirpation of the stomach. They found 

much milder form of diabetes appeared when both stomach and 
pancreas were remove d, than when thy pancreas alone was extir- 
pated. They believe their results indicate that the influence of 
the pancreas upon carbohydrate metabolism consists, at least 


In part, in neutralizing the acid produced by the stomach, thereby 


The literature on the effects of administering ids t init 


reviewed in the papers of Elias and of Elias and Kolb, 






































































Alkali Reserve in Pancreatie Diabetes 


protecting the liver from acid intoxication. Their theory of the 


function of the pancreas 1S as follows: 


The results of this study suggest that the internal f ine 
on of the pancreas may be closely akin to its external function in tl} 


on the one hand (external), it provides for the complete neutralizat 


re icid contents of the stomach, thereby protecting the liver 
glycogenic function, and on the other (internal), it somehow preserves the 
prope. neentration of hvdroge mn ions in the tissues tor the ¢ ymb Istior 
y pag It is not mpossible that the pancreatic hormon througn 
the tter function is discharged, may prove to b« 
produced by the islands of Langer! 
EXPERIMENTA 
; 7111 { ] ] ; ] } 
the gastric juice were not completely neutralized in thi 


intestine after the removal of the pancreas, It would react with the 
carbonates and phosphates of the blood in the portal system 
causing a reduction in the alkali reserve in the whole blood, in 
asmuch as the blood from the portal system is mixed with the 
blood irom t he rest of the body In the heart, lungs, and, to a less 
extent, in the liver. Since hyperglycemia and glucosuria appear 
very soon after the removal of the pancreas, 1t Was thought 


worth while to study the alkali reserve of the blood as measured 


by the power of the plasma to combine with carbon dioxid 
and compare this with the change u the concentration ol ge lucost 
the blood, and its excretion into the urine. The capacity of 
he plasma for carbon dioxide was determined by the method 
Van Shy Ke 1917 \MiIaclean’s (1919) method for blood sugar was 
used, and the glucose in the urine was determined by titrating 
wamst Tehling’s solution. Dr. Sweet removed the paner 


rom the dogs bv his usual technique. 


DISCUSSION, 


Our results from five dogs are given in Table I. We found that 
t hie alkali reserve ol the blood, as measured by the carbon dioxide 
capacity ol the plasma showed no decrease until diabetes, as 
shown by the G:N ratio and increase 1D blood sugar, had been 
established for at least 24 hours. The earliest appearance of a 


aecrease in t he earbon dioxide Capacity ot the bl od Came about 
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Alkali Reserve in Pancreatic Diabetes 
rABLE I—Conclud 
lime CO 
ifter per 100 Glucose.* ayia vei Nit br n G:N Rer 
operation plas i ‘ . 
No 5. Female. 
Before 51.7 0.075 
5 0.09 ‘ine of Ist q 
l a] } OS 3 9] 15.19 2 93 Uru f 1 2nd 
2 2.8 0.293 days 
> 19.9 0.241 24.19 9 64 2.51 Animal ed 
T t 1) T 
} 9.5 0.270 6.18 & 69 , Ol 
5 9.6 0.238 17.34 8 47 2? O5 
7 38.9 0.270 16.17 7.31 2.63 
8 34.7 0.280 16.46 7.20 2 
4 US O.315 24 59 10.05 » 44 Kille | 


1 


48 hours after the removal of the pancreas, while there was always 
a definite increase in the blood glucose within | day after the 
operation. It is well known that glucose appears in the urine 
within a few hours afte pancreatectomy. It is of interest to note 
the more or less marked increase (1 to 20 per cent by volume of 
COs) in the alkali reserve on the Ist or 2nd day after the operation. 
In most cases, this increase is COMPAaratlve lv small and its signifi- 
cance is not clear. 

It would seem that if acid is taken up from the intestine by the 
portal blood after the removal of the pancreas, It must be neutra 


1 ' 1 1 
ized by some base other than biearbonates or phosph tes ol the 


blood, or cause a simultaneous liberation of alkali from some part 
of the body. It may be pointed out mn this connectio that the 
formation oF a pancreatic fistula, so that the pancreatl juice 
escapes to the exterior, does not cause any disturbance in the 
carbohydrate metabolism of the animal. In such cases, the acid 


from the gastric juice would be as likely to reach the liver as 
when the pancreas had been removed from the body. It 1s 
questionable, also, whethe iragments ol the pancreas, which are 
sufficient to prevent diabetes, can produce enough pancreatic 
juice to be of any importance in neutralizing the acid produced 


in the stomach. 














\cidosis in depancreatized de 


B. M. Hendrix and C. Y 


(‘router oe) 


o's undoubtedly cle velons : 


: i . ’ 
by Nos oOo and ) In NO. 3 thie carbo di L¢ ) 
] +9 , } 
plasma ell to abou 51 volumes per cent 8 No 
30 volume Ss per cent 
<UMM 
, 
} " j } { | } 7 , 
oxide ¢ ) | 0O ( | ) Sl il 
vit} } ppearance of h ee! V( ~ 1! 
pe, \ ao} at ise ll he earbon d | ( lood 
pl =] s oO} served on the Ist o nd ad T¢ emo 
| } : ] ] 1] ) 
the pancreas, later decreasing and gradually r g out 30 
‘ ] ’ } ty ‘ 
volumes per cent 1n TWO Cases. 
‘ ] 4 
3. Definite acidosis appears comparatively late in pancreati 


iabetes in dogs 


t. No observations which support Murlin and Sweet’s theory 


diabetes were made 


We wish to take this opportunity 


very kindly for doing the surgical work. 
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THE GLOBULIN OF THE COHUNE NUT, ATTALEA 
COHUNE. 
I CARL O. JOHNS anp ( | Kr. GERSDORF!I 

| he I ] Lal B ( 

Q D j lV’ j 

PLATE 1] 
Re Ss 1, 192 
he cohune pal 1, 2) is indigenous to the Bri Hondw 

>) and the other countries of the Caribbean coastal region, and 
its nut is shown whole, opened, and in ecross-sectio1 Fig. J 
Most of the nuts have but on kernel. a few two. 

[t is found mostly in damp lands, growing best in leep for- 
est +). The nuts are produ ed in large clusters « bout 75 
1 ds each, a single tree having ar rage vearly prod ym 
four Clust > The in s rom 13 i > inches in le ot 

nd trom 1 to 2 me s in diameter, tl] she elng d a 

( Sf It! I ( Lo" hickness o | to 3 t ( l1IS- 

ricts the cohune palm constitutes 20 to 30 pe nt ¢ he vege 

tation (3 The kerne rages out 10 pr 0 
VROTE I 

The nut was n COl erel exploited ul Wi iW 

ien the shells were carbon: nd used in gas sks 
kernels being pressed for their oil, which is o g lit j 
! is similar to coconut ol I) 

A si rch has not dis los el ire earing oO l ] 
tion of the press-cake. The nuts are now being pressed for 
in the British Honduras I ( eriments are progress 1n this 
country to produce the oil on a commercial scale The press- 
cake will be suitable for LISt et ls Its value iss Ing ndal- 
cated DY the analysis or the SO a rotein deseribed herein 
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Globulin from the Cohune Nut 


rABLE I 
Comparisor {naly f Coconut and Col 
Moisture- and ash-free basis 
] i? 
( 
N 
( 50.88 1.23 1.7 (Amid 
HH 0.32 6.90 6.2 Humir 
N 17.89 1S. 40 ] S cask 
Q 1.0 1.06 ; Nor 
O Ss 2 . 41 1 
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Histidine 
Lysine 


Tryptoph 
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This analysis shows that the protein contains all the basic amino- 
acids necessary to produce normal growth. The protein also 
gives a strong qualitative test for tryptophane. 

The press-cake used in this investigation was prepared in this 
Laboratory from nuts furnished by the United States Food 
Administration. It contained 20.63 per cent of protein (N 
6.25 

The principal protein extracted by means of sodium chloride 
solution is a globulin. This was obtained by dialyzing the 
saline extracts and could also be precipitated from the extracts 
by means of ammonium sulfate. This globulin is quite similar 
to that obtained from the coconut, no marked differences being 
observed in any of the analyses. These comparative results are 
given in Tables I and II. 

Tests for albumin showed that a trace was present. This 


albumin coagulates between 60° and 68°C. while the globulin 


coagulates at near the boiling point of water. 


EXPERIMENTAL, 


Preparation of the Press-Cake. Much difhieulty was experi- 


enced in removing the husk and shell. This was accomplished 


by eracking each nut individually between a steel plate and the 
head of a steel power drill. The kernels which ran mostly one 
to a nut, seldom two, were cold-pressed, using a press of the oil 
expeller tvpe. The granular press-cake was freed from residual 
oil by extracting twice with petroleum ether, the excess of ether 
being removed by drying n vacuo over sulfuric acid. The press- 
cake was then ground to a fine meal which contained 20.63 per 
cent of protein N X 6.25 

Prel minary Bape ‘ments. Extraction experiments were made 
with different concentrations of sodium chloride in water, with 
70 per cent alcohol and with 1 per cent hydrochloric acid, extract- 
ing for 1 hour in each case. The percentages of protein extracted 
by the various solvents are given in Table III. ‘Time extractions 
were then made with the solvent which extracted the maximum 
quantity of protein, and the data are given in Table LV. 

All extractions described in this paper were made with a 10 
per cent sodium chloride solution in distilled water. This solvent 
extracted the maximum quantity of protein, 16.09 per cent, in 1 


ho l! 
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rABLE III, 
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Globulin Extracted by Sodium Chloride and Precipitated by 
Ammonium Sulfate-—An extraction was made, using 10 ec. of 
solvent to each gram of meal. The quantity of meal used for a 
preparation ranged from 125 to 210 gm. The meal was mixed 
with the solvent, all lumps being disintegrated by hand, and the 
mixture allowed to stand at room temperature for 1 how rhe 
mixture was then poured into a large Buchner funnel fitted with 
a circular piece of closely woven cotton cloth, and the extract 
recovered by suction, the residue being washed twice wit! LO 


per cent sodium chloride solution. The extract oO recovered 


was nearly clear and was easily filtered through a mat of pape 
pulp on a Buechner funnel. The extract was then dialyzed in 
parchment bags suspended in running chilled water until praec- 
ticalh free from chlorides The dialyzed protein Was ashed 
and then redissolved in a volume of 10 per cent sodium chloride 


solution equal to about one-third the volume of the solvent 


originally used in extracting the meal. It was filtered clear 
through a mat of paper pulp on a Buchner funnel. The clear 
extract was made 0.7 saturated with ammonium sulfate and 
allowed to stand over night. The precipitated protein was 


filtered on a folded soft filter paper, redissolved in distilled 


filtered clear, and dialyzed for 12 days. ‘The protein was removed 
from the mother liquor in the dialyzing bags, washed free ym 
chlorides and sulfates, and dried The water was removed 
treating the protein with absolute alcohol, removing the alcohol 
by suspension in absolute ether, filtering, and drying, first ove 
sulfuric acid in vacuo and then in a vacuum drving oven, gradu- 
llv raising the temperature to 110°C. It was then ground toa 
fine powder in a mortar, the finished product being an amorphous 
white powde! The Vik ld based on the weight ot the rie | used 
was 5.6 pel cent In orde to facilitate the weighing ol samples. 
all preparations of protein were exposed to the air to absorb 


moisture until an equilibrium was reached 

The analyses of this preparation, ¢ ileculated on a moisture- 
and ash-free basis, are given in Table V. 

Globulin Extracted by Sodium Chloride and Fractionally Pre- 
cipitated by Ammonium Sulfate \ sodium chloride extract was 


made as deseribed above and the cleat solution was @1 rdually 


made from 0.1 to 0.7 saturated with ammonium sulfati 
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experimenting with a small portion of the extract. No precipi- 
tation occurred until the 0.3 saturation point was reached, and 
then only a slight turbidity was obtained which very gradually 
increased on adding each successive fraction of ammonium sul- 
fate to make the solution 0.05 more saturated, until the 0.5 satu- 
ration point was reached, when the precipitate became flocculent 
after standing 18 hours. This precipitate was filtered off and 
washed several times with 10 per cent sodium chloride solution 
made 0.5 saturated with ammonium sulfate. It was redissolved 
in 10 per cent sodium chloride solution, filtered and dialy zed 
for 12 days, washed, and dried as previously described. This is 
Preparation II. The yield based on the meal used was 3.2 per 
cent. 

The 0.5 saturated ammonium sulfate filtrate was then made 
successively 0.05 more saturated until the 0.7 of saturation was 
reached, after which no more precipitate was obtained. A 
slight turbidity occurred at 0.55 of saturation which increased 
as each successive fraction was added, becoming flocculent at 
0.7 of saturation. This fraction was filtered on a folded filter 
paper and redissolved in distilled water. It was filtered clear 
and dialyzed for 12 days. The dialyzed protein was washed 
and dried as previously deseribed. The yield based on the 
meal used was 1.6 per cent. This is Preparation III. 

The analyses of Preparations II and III calculated on the 
moisture- and ash-free basis appear in Table YI. 

We were unable to fix on a decisive separation point and are 
inclined to believe that but one globulin is present in the cohune 
nut. Our belief is strengthened by the analyses of these two 
fractions as compared with the analyses of the globulin obtained 
in Preparations I, IV, and V, the same difference in carbon con- 
tent being evident in the preparations of the globulin as appears 
in the two preparations made by fractional precipitation with 
ammonium sulfate. We were unable to make a further study 
along this line owing to a lack of material. 

Globulin Extracted by Sodium Chloride and Precipitated by 
Direct Dialysis —Two sodium chloride extracts were made as 
before, and the clear extract was dialyzed in parchment bags 
against running chilled water for 12 days. The dialyzed protein 
was washed and dried as described previously in this paper. The 
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TABLE VIII 
"the Analyses of the Cohune Nut Glol 
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Analus of the Globulin by the Van Slyke Method. 


obtained by direct dialysis was analyzed in duplicate, 


ti 


ie dete rminations on each sample also being done 


I} 


ie samples weighed 3.1505 and 3.0190 gm. equivale I 
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Dist bution of the \V troge n n the Globulin. The distribution 
of the nitrogen in the globulin was calculated from the results 
obtained by the Van Shy ke method, the calculation being com- 


parable with analyses obtained by Hausmann’s modified method 
9 


Che distribution of the nitrogen is shown in Table XII. 


MMARY. 


protein 
Tryptop il iso presse 
amino nitrogen in the globulin has been deter- 
nined und has been found to agree fairly well with One -h lf the 


lysine nitrogen as determined by the Van Slyke 


method. 
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EXPLANATION OF PLATE l. 





Fic. 1. The cohune nut, Attalea cohune Martius. Natural 
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CONTRIBUTIONS TO THE BIOCHEMISTRY OF 
IODINE. 


III. THE COMPARATIVE EFFECTS OF THYROID AND IODIDE 
FEEDING ON GROWTH IN WHITE RATS AND IN RABBITS.* 


By A. T. CAMERON anpb J. CARMICHAEL, 


INTRODUCTION 


This investigation was carried out during the winter and spring 
of 1919-20. It was commenced with the idea of determining 


definitely whether thy roid feeding had anv effect on growth in 


young animals,' and the earlier experiments dealt o1 With this 
one problem, and the comparative effect ol iodide I 


que nt experiments observations were also } 


hypertrophy produced in certain organs 


EK. R. Hoskins (1916) has summat 


both problems In determining the effect on g y 
irlier observations are n adault nin s y 
¥ vtn in ye ng il Ss 
Moussu (1899 1 tl 
grov ! ng dogs, but that ge a I x I mo 
r l young rat na } I y 
velig! l " I ion 1 ne It ~ 112 
ed in young white rats fed thyroid gland ar 
ncreased metabolism, and acceleration of g1 | 
1 decrease in rate of growth Gudernatsch (1912-1 1913-14) found that 
1iministration of thyroid to t idpol Ss] g 
irphosis 
\ preliminary note, outlining the result rrived at this investi- 
gation, has been communicated to the Physiologi Soc1ety Eng 
some prelimin iry and not very exact expel ents by A. T. ¢ 


D. Wheeler in this laboratory in 1914-15 had not 





1 ‘| 
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Hoskins himself used white rats for his experiments. His results, based 
on average figures for a number of rats, do not show any definite effect 
thyroid feeding on the rate of growth; the growth curves wert approxi 
mately the same as those from the average figures for a series of contr 
from the same litters He pointed out that the normal growth of the 
albino rat shows material variation, not only in different strain 
inder different conditions of environment, but even among litters 
conditions are kept as nearly constant as possible, so that in all sue] 
experimental and control animals should be selected of the same se 
from the same litter He used both fresh gland and reese ntly desiccate 
gland without any noticeable difference in result Che dost 
2nd day varied from 10 mg. of desiccated (or 40 mg. of 
of desiccated calf thyroid gland in different experiments 

Herring (1917, }) used white rats, carefully comparing thyr 
control animals from the same litter and of the same sex kresh ox 
0.1 to 0.2 Piri was fed daily. \ slight dex \reasé was observe 
of growth of male rats. With females, more variable result 
They appeared to be more susceptible to the treatment, but 
gain in weight differed very little from that of the controls 
L919 

Hewitt (1920) has just published the results of two series of similar 
experiments One was on adult rats In the second he claims to hav 
obtained a decrease in growth rate, but gives no details of experiment 
observations on controls, although he indicates that such were made 

Compare also the results of Isecov o with pecific preparati 


noted below 


The discrepant results just recorded are in our opinion due 1 
two sources of error: the first, non-comparison of every expe! 
mental animal with a control from the same litter kept rigid 
under the same conditions (this source of error was excluded by 
Herring); the second, the variability of dosage. It seems natural 
to infer that a fixed dose, given over a long period to a rat Ol 
constantly changing weight, and to a series of rats of different 
initial weights, would not produce comparable effects; this 
method of dosage has been employed, however, by almost all the 
investigators of this problem. We have used a dose based rigidly 
on and bearing a constant ratio to the body weight of the animal 
at the time of administration, and have achieved concordant 
results. 

The literature concerned with the second problem will now be 


outlined. 
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G. Hoskins (1910) fed daily for 15 day 
of thyroid to eighteen young guinea pigs 
per cent heavier than those of 
1913), using a lipoid preparat 

leum-ether extract insoluble in 


ing rabbits 


less extensive inere 


ssibly 


factors al 
great hypertrophy 
Herring (1 
content of the adrenals was inert 


find an increase either in the size of the 


gvian ir } l adrenin ¢ . 
inethod, and confirms Hoskins and Herring 
with respect ti he | 


idrenals, heart, liver, and splee ind Herring vw 


Hewitt (1920) criticizes his 


respect tot im ) Aa f } t t 
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tary hypertrophies in the majority of eases (male rats He uses for cor 
parison figures Donaldson’s (1915) collected data, a method open to ! 
objection, as Hoskins has pointed out He considers further that ] 
results indicate that the abnormal condition is probably temporary 
that a return, perhaps incomplete, to normal proportions is ind ted 
cessation of thvroid feeding 

Che lo of it as re t of VI 1 feeding well | ‘ 4 
Hoskins nd Herring noted i! i their experiments na t \ 
considered t t t he rgan i! ertrop! nd so1 S ! We 
change 

Cy er nd Wrause 1912-13 ind ( ! ! 
} } { n 2 ; Vs g eogen complet sappeared ) t! 
p , ich val liet 1 th hse { } hes ’ 

T | ; } 

INUIT ul a el INUTIY \ t . ) 
eribed above they 

It has been rey ed t the i ; ent | 
‘ nfluen i | ) 1 whether ted as inorganic or orgal 
line I t} I i | ives Show ec ti T ter thvl a teedi 
the ve he ti i rat re distended with old Koji 
1917) obtained t I t fter iministration of thyroid and 

( Hert nding I 

EXPERIMENTAL RESULTS 
Thy , ils e] nloved vere vhit ) ~ r , ? 
male nad ePveNntee? Tr rl rot Wer Sex (vt thes 

! rie ! ‘ i ixteel 1? iles ro} y re +4 

on ntrolles De} , 6 ” di vit] 
! ir Ww hn sodiun Licte Phe ith i ig ( reeaing ried trol 
+{) » Ht) (avs he remaining ter nimats wens lifferer 

] { ] } 

res and {rol werent ifters na ©] ised Il i ime expe! 
ment to induce 1 I ty eeding larg thyre 1 GOos¢ \Iost ( 
the litters were born and reared in the Departmer me wert 
ryt} tHhased los ith nen stil] quite oung 

) + + | 1 17 

Previous to tre men the rats were isolated In small cage 
groups of such cages being kept side by sid The rats wer 
weighed to the nearest 0.5 gm. each morning before food was 

unlimited 
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milk were fed throughout. The dried thvroid was 
the nearest milligram, mixed with flour (exce pt where 
made up into a thick paste with wate r, and ted or 
before other food and immediately after weighing 
Ist dav it was alwavs eaten greedily and complet: 
error from wastage can only amount to a small pi 
dosage was, in different experiments, 1 m; r 

20, 10. 5. and 2 em. of the actual bodv weig 


1: 20,000: 1: 10.000: 1: 5.000: 1: 2.000 


Three thvroid preparations were used: the 
Darmstadt) preparation at least 9 vears old. e 
P { } 4h 
per cent of lodine (termed below [Lhvroid A 


thyroid preparation containing 0.34 per ce 
Thyroid B); and the third a sheep thvroid prey 
0.18 per cent of iodine (termed Thyroid ‘ Phi 


prepared in December, 1919, and were obtained fror 


lobe was transferred to corrosive sublimate, and afte 


was sectioned and stained with hematoxvlin-eosin for 
examination The other lobe, or the vhole thvro 
at 100°C. for drv weight determinations \ttempts 


the small amounts of iodine in the single lobes 


1914 method were not ve successtiult 








! ? | 
laboratories through the kindness of Dr. F. Feng: 
, 
In order to control anv tonic effects of the thvroid pr 
} ] ' 
not adue to thre specific nature ot the ; rT 
locally ind dried it rine | without 
antiseptic precautions, was fed in amoul 
dose in a number of experiments, unt 
no diferent ete \ S OSE] ityle \\ 
} 1 1 
controls ted Solelv on bi i nad mi 
Sodium rdide was used on account ot ti ’ 
1 } 1 
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In some of the later experiments Kendall’s recent modificatt 
1920) was used with successful results. 
Che tables show the body weights on everv 3rd dav i hye 
daily welghings give somewhat less regular curves, pro 
i to room temperature variations from the extreme 
climatic conditions. Since these wert the same ior control 
for treated rats they can be neglected 

In a few cases, where thyroid-fed rats died suddenly, and thx 
controls were being used for ot 
litter, organ weights are given in the tables for comparison, tak 
from Donaldson’s averages 

In one experiment five rabbits from one litter, born in 
Department, were used. They were isolated into separ 
cages, handled, and welghe dl daily tor some time betore treatme! 


commenced, as it was found that initially this handling appeared 
to affect them considerably. Their diet consisted of unlimited 
oats, hay, and green stuff. When their growth rate became rela- 
vy constant they were fed each morning dry thyroid mixed 
with dry ground oats, immediately after weighing and _ before 
other food was given. They soon became habituated to this 
treatment, and the thyroid was consumed with very little loss 
At the end of the experiment thev were killed and examined 11 


the same wav as the rats 


tl il consisted {f oatmeal and ! senoid seraps On the th da 
thyroid was fed with ground oatmeal to one male and one female 1 the 
diet of all four was restricted to oatmeal and water The diet showed 
vVitamine deficiency On the 45th day green food was given in addition 
ind on the 19th day the diet was changed to bread and milk and 20 mg 
oatmeal in all cases Che control male rat was fed an amount of dried 
meat equal to thyroid from the 39th to the 70th days, and subsequently 
dried powdered ox live The control female rat w fed only the 20 mg 
of oatmeal corresponding to that mixed with thyroid, in addition to the 
bread and milk Che figures for body weight are given in Table | 
Experiment 2 Thyroid A: 1:20,000; rats \ litter of eight, five male 
and three female, born Se ptember 12th, 1919 Diet, unlimited bread and 
milk Thyroid feeding was commenced on the 39tl day. [wo male con- 
trols were fed on liver corresponding in amount (1:20,000 ind one mal 
and one¢ female col trol were given 20 mg. ol oatmeal All thyroid and 


liver doses were given with 20 mg. of tmea Che body weights are given 
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scopic examination showed no obvious cause 
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The figures for dry thyroid in parenthe ses were calculated from 
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Nos. 6 and 8 at the end of the experiment were killed, minced, and an 
ether extract was made. No. 6 yielded 8.5 and No. 8 14 gm. of ether- 
soluble material. 

Experiment 3.—Thyroid A; 1:10,000; rats. <A litter of two female rats, 
born October 11th, 1919. Thyroid fed with 20 mg. of oatmeal commencing 
on the 39th d Ly; control animal fed 20 mg. of oatmeal The body weights 


are given in Table III 


, se 
Age -. l-fed a set 
8) 15 15.5 
oY 53 a4 
42 55 57 
5 60.5 Lay 
LS 63 70 
51 68 75.5 
4 71 78 
D7 74 R4 
60 faa) 5.0 
bo RR 5 94 5 
66 95 101.5 
69 100 107 
72 99 108 
79 103 110 
78 107 118 
79 103 110 
Weight eas 
in LS : | 
if) ) 
Chyr i, tres! 0 OOS6 0 OOS87 
ar’ 0 OOL4 Q OOV? 
i erime Thyroid A; eo irisor different dosages \ litter 
three males and three females, born November 16th, 1919 Thyroid 
mixed with flour) was fed from the 58th day Che controls were fed on 
bread and milk only Che body weights are given in Table IV and the 
organ weights in Table \ 
The male rat fed a large thyroid dose was found dead on the 76th day 
ISth day of treatment No definite cause was apparent [he female 


] ] »”) 


rat fed similar dose was found dead on the 80th aay 22nd day of treat- 
ment Che cecum contained a small pebble Che rat had ese ped trom 


its cage for a few hours 3 days previously, 
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k f ( parison of different thyroid preparations Phe 
tte bor n Februar itl 1920, consisted of six males | ere 
ised for iodide tests Che remainder were treated as in Experiment 5 
The control was fed bread 1 milk 


the 56th day 
Table VII 
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rABLE VII 


Rat 1 Rat 2 
Thyroid A; Thyroid B; 
oI 


0.38%, I 0.34 


SASDmMi® 
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ot tot ft A? ae a es 
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Weight increase. 
In 18 days 


“ %6 “ 


Body length, mm. ; } 165 


of organs 


Liver 
Kidneys 
Heart 
Lungs 
Testes 
Spleen 0.330 
Adrenals 048 D5 ( 0.019 
Thyroid, fresh 0058 0.0125 
dry OO15 ) 0.0035 


>. 94 


0.94 


Liver 
Kidneys 
Heart 
Lungs 
Testes 2.0: 9] 
Spleen } 3 0.37 
O64 0.027 020 0.014 
0077 0.0080 0078 0.0093 


67 


Adrenals 
Thyroid, fresh 
drv te : 0020 0.0022 0025 0.0026 
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The muscular development was small, compared with the normal animal 
of the group. No. 2 had a rapid heart beat, was restless, developed a 
rough coat, and a doubtful exophthalmos. Towards the end of the ex- 
periment a marked protuberance appeared in a position similar to that in 
the first rat (a pus tumor). The appearance and condition of the other 
two rats were normal until they were killed. 

Experiment 7.—Comparison of different thyroid preparations. An ex- 
periment with a litter of four female rats, born March 15th, 1920. The 
same treatment was given as in the two previous experiments. Thyroid 
feeding was commenced on the 39th day. Dose 1:5,000. The body and 
organ weights are given in Tables VIII and IX. 


TABLE VIII 


Rat 1 Rat 2 tat 3 
Age. Phyroid A; Thyroid B; Thyroid C; 
38% I 0.34% I 0.18% I 


Rat 4 


0:38 Control 


days gm gm. gm 
39 47 | 40 43.5 
42 49 2.8 48 

45 e 54.5 
48 | 59 

51 .f | | 66 

54 : ) 73 

57 : 80 


Weight increase. 
In 18 days 38 (81% 33 (82%) 36.5 (849, 43.5 (121%) 
Body length, mm.}| 156 148 155 150 


Experiment 8.—An endeavor to induce tetany by thyroid feeding. 
Ten young rats from different litters were fed thyroid over a long period. 
An unlimited bread and milk diet was given. The initial ages were not 
known. Feeding commenced May 8th, 1920. The first five were fed at the 
rate of 1:2,000; the second five at 1:5,000. 

No. 1, female, initial weight 51 gm. On the 8th day of feeding thyroid 
the rat showed symptoms of incipient tetany, on the ninth day appeared 
normal, and on the 10th day had an attack of tetany lasting 3 hours, with 
rapid pulse and respiration, high temperature, and fatal termination 
The weight at death was 70 gm. The animal was autopsied. The liver 
presented a peculiar mottled appearance, the heart was empty (hard), 
and the blood was chiefly in the periphery. The other organs appeared 
normal. 

No. 2, male, initial weight 57 gm. On the 18th day of treatment the 
animal appeared abnormal. The coat was ragged. There was no distinct 
symptom of tetany. Death occurred on the 19th day. For several days 
prior to death there was a permanent stricture of the penis. Weight at 


death 67 gm. 
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3, male, initial weight 134 gm Died on the 27th 
Final weight 96 gm. The weight fell 


ional stricture 


f death was note 


eight 


LCI a, ie 4 
Weight 84 gm 
9, male, initial weight 


160 gm. on the 52n l 


it varied in both 


respectively, 


0.92 and 0.83 thy- 


0.0122 1d 0.0125 gm ir ca 1] d fro. lc » (0037 


0.0043 gm, 
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iodine to 500,000 of body weight. The iodide was fed from the 46th day. 
Compare Experiment 5. The results are given in Tables XI and XII. 


TABLE XI 
Iodide rat Control rat. 


gm gm 
40 61 60 
43 65 63 
46 67 61 
49 77 
52 80.5 
55 85.5 
58 90 
61 94.5 
63 100 
Body length, mm.............. 165 


TABLE XII. 
Iodide rat. | Control rat. | Iodide rat. | Control rat. 
gm gm | percent | per cent 
Ce Pa Sheen 5.01 3.88 5.01 4.73 
cer ree re 12 89 1.12 1.08 
Heart oats ve 60 45 0.60 0.55 
are aan 65 55 0.65 0.67 
Spleen......... ; 254 227 0.25 0.28 
Adrenals cate 02% 019 0.023 | 0.02: 
Thyroid, fresh... , aun 0090 0.0092 0.0090 0.0112 
- ( (0.0018) | (0.0019) 0.0022) 


The control rat during this period did not appear to be perfectly normal, 
and did not take food well. 

Experiment 11.—Sodium iodide. Two of the six rats born February 7th, 
1920 (see Experiment 6), were fed different doses of iodide, and the same 
control was used as for those fed thyroid. Feeding was commenced on the 
56th day. The results are given in Tables XIII and XIV. 

Experiment 12.—Sodium iodide. A litter of eight rats, males, born 
April 6th, 1920. Two rats (Nos. 1 and 2) were used as controls, two were 
fed iodide at the rate of 1 part of iodine to 50,000 of body weight (Nos. 3 
and 4), two at the rate of 1 of iodine to 25,000 (Nos. 5 and 6), and two at 
the rate of 1 of iodine to 12,500 (Nos. 7 and 8). Feeding was commenced 
on the 41st day. The results are given in Table XV. 

The thyroid material from each pair of rats was united and the iodine 
estimated by Kendall’s (1920) method. The resultsare giv enin Table XVI. 
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TABLE XIII 


tat 1. Todine 


1.5: 500,000 


R > 
Weight increase. 
In 18 days 


“ % “ 


Body length, mm 


TABLE XIV\ 


Liver 6.44 

Kidneys 1.19 

Heart 0.54 5 60 

Lungs OS] ) St) 

Spleen 0.299 : 330 

Testes 2.27 22 17 ; 

Adrenals 0.027 024 019 0.021 014 

Thyroid, fresh 0.0129 0140 0125 0.0098 0093 
ie dry 0.0043 QO042 } 0035) (0.00383 0026 


Experiment 13.—Rabbits; Thyroid ; 5,000. Litter born March 29th, 
1920. Five survived; three males two females Thyroid feeding 
commenced on the 50th day The thyroid was mixed with oatn 
control female appeared abnormal on tl] S3rd day, and died or 
day. There was apparent paralysis of the hind limb Exami 
leath showed an ibnormally distended L¢ , very distended ston 
ind an apparently abnormal spleen 
‘I hey were killed on the 87th d L\ 


und XVIII. 
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TABLE XVI. 


Material. Amount 
taken. 


gm gm, 
Thyroids from Rats 1 and 2 0.0074 | 0.0000061 
sic 5s rc: 4 0.0080 0 .0000258 
- ” ? 6 0.0079 0 .0000214 
Sa 0.0064 0.0000170 


Histological Examination. 


Where in the tables figures for dried thyroid are given in 
parentheses, one lobe was transferred fresh to corrosive sublimate, 
sectioned, and examined histologically. Professor Swale Vincent 
kindly reported on these sections. He found that in every case 
not only had colloid distended the vesicles, but that the lym- 
phatic vessels outside the vesicles, and the intervesicular tissue 
were also distended with colloid; that, in fact, the colloid had 
overflowed. Small doses over long periods produced effects com- 
parable with larger doses over a short period, and the effects of 
administration of sodium iodide were the same as those of admin- 
istration of thyroid. 

In Experiment 5, liver, kidney, heart, lung, testes, spleen, and 
adrenal sections were made from No. 2, fed thyroid containing 
0.34 per cent of iodine. These showed no observable difference 
from sections from the corresponding organs of the control rat. 


DISCUSSION, 
Results for Normal Rats. 


The gross weights and body lengths show in individual cases 
marked differences from Donaldson’s figures, though the average 
results agree moderately well. The organ weights, where meas- 
ured, show distinct deviations from Donaldson’s tables, as shown 
in Table XIX. 

The differences for the spleen, which indicate variations both 
above and below the averages recorded for animals of the same 
age, weight, and body length, can be taken as typical also of the 
figures for liver, heart, kidneys, and lungs. In the case of the 


testes our figures appear to be distinctly higher than Donaldson’s 
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Weight increase 
In 18 days 


«< Of 


ob 


Body length, mm 


TABLE XVII 


Rabbit 1: Rabbit 2 
male male 


hyroid Thyroid 





Liver 
Kidneys 
Heart 
Lungs 
Testes 
Ovaries 
Spleen 
Adrenals 
Pancreas 
Thyroid, fresh 
dry 


Liver 

Kidneys 

Heart 

Lungs 

Testes 

Ovaries 

Spleen 

Adrenals 

Pancreas 

Thyroid, fresh 
dry.. 


Q4 
14 
67 
» O23 


061 
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0450 
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O24 
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20S 
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0174 


04 
S4 
25 5 44 
60 44 
025 

0072 0062 
045 058 019 
029 030 036 
16 1S ll 
0069 0073 0061 
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The discrepancy becomes more marked with the adrenals, 


lower weight, and still more marked with the thvyroids 


weights of which are only from one-thnu { one-half 
Donaldson’s rats. These discrepancies may to some 
differing diets. In re 
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error of a small per cent for thyroid-fed animals from fat loss 
(compare Experiment 2). No great stress can be laid on the 
comparisons with Donaldson’s figures in Experiment 8 since the 


ages of the animals were not known. 


Effect of Thyroid Feed ng or Total Body We ght. 


Under the conditions of experiment adopted, in each of the 
seven experiments on rats, and that on rabbits, a distinct and 
marked decrease of growth rate is shown without exception, when 
animals are fed thyroid gland. This decrease is greater than 
any variation between animals in the same litter. The effect is 
usually perceptible after 2 or 3 days feeding. With prolonged 
feeding of small doses (Experiments 1 and 2, females) the body 
weight tends to become normal again. This is probably due to 
the fat loss (and perhaps the total loss through the decreased 
growth rate) becoming balanced by the hypertrophy of certain 
organs Iexperiment 2 indicates a fat loss of about 4 per cent ol 
the body weight). Large doses tend to inhibit growth completely 

experiment 8 

The same decrease in growth rate occurs in rabbits 
This decrease is not to be attributed to any toxic effect of 
thyroid other than that specific to thyroid tissue itself, at any 
rate with doses not greater than one-five thousandth of the body 
weight, since the equivalent amount of liver tissue, dried by 


+ 


methods certainly not more careful to exclude autolysis ete., 
produces no such effect. 

The decrease in growth rate is definitely greater the greater 
the amount of thyroid fed (Experiment 4), but in order to show 
this it is necessary to use animals from the same litter (compare 
experiments 2 and 3 

Analy sis of the results detailed above does not indicate marked 
difference between females and males in susceptibility to thyroid 
feeding (cf. Herring 

The decrease in growth rate is greater the greater the 1odine 
content of the thyroid fed (Experiments 5 and 6; Experiment 7 
does not show this so accurately for the gross changes, but this 
can almost certainly be accounted for by the greater differences 
in initial weight; the percentage increases in weight are not in 


disagreement with the conclusion 




















70 82 
Days 


Fig. 1. Experiment 4. The heavy lines represent weights of rats dosed 
in the ratio of 1:5,000, the light lines those for the ratio 1:20,000, and the 
dotted lines those for control rats. 

Thyroid feeding was commenced where indicated by the vertical dotted 


line. 
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Fic. 2. Experiment 6. Rat 1, fed thyroid containing 0.38 per cent 
iodine; Rat 2, fed thyroid containing 0.34 per cent iodine; Rat 3, fed 
thyroid containing 0.18 per cent iodine; Rat 4, control rat 


Chvroid feeding Was ¢ mine need where indicated by the vertica dotted 
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lig | illustrate s the effect Ol dosage on the extent ol decrease . 


and Fig. | ie effect of iodine content of the thyroid fed. 


The livers of nine rats out of eleven (Experiments 4, 


7) show a distinct hypertrophy from comparison of the 
weights expressed as percentages, the figures emphasize 
hypertrophy, and those of the remaining two rats conform 
figures actual weight for kidnevs show an increase in every 
case. There is one exception for heart, and one for spleen; 
expressing these in percentages brings them into agreement. 
The adrenals invariably show an actual increase (nine rats, 


Experiments 5, 6, 7; no accurate observations were made in 


Experiment 4). The figures for testes and lungs are less in 


accordance, but the percentage figures in most Cases indicate a 
relative hypertrophy. The extent of the hypertrophy is evident 
less for these two organs. The somewhat greater extent ¢ 

eral hypertrophy obtained by Herring would apps 
longer feeding with large. doses Our fie 

those of Hoskins, of Herring, and of Hewitt 

conclusion that the extent of hypertrophy depen 

dose and the length of dosage perl Md, although variations with 
individual litters are marked. 

Hewitt’s results are open to criticism, since apparently Donald- 
son’s figures alone were used for comparison. Nevertheless his 
conclusion that these organs tend to resume normal proportions 
after resumption of ordinary diet is valid, since it is based on 
observations on rats of the same litter. 

It is probable that Herring’s contention that part at least of 
the thy roid effect is produced through the medium of the hyper- 
trophied adrenal may be correct in as far as the testes are con- 
cerned, since Hoskins (1916) noted that adrenal feeding produced 
hypertrophy of these organs. Since Hoskins’ results indicated 


no effect on other Organs, it is probable that the effects on heart, 
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pancreas, adrenals, kidneys, and liver are due directly to thyroid 
action. Herring has pointed out that Hatai (1915) has induced 
similar hypertrophies in rats subjected to a large amount of 
exercise, a treatment which may logically be compared 
increase of general metabolic activity now usually 
the chief function of the thyroid secretion 

Rabbits showed a relative hypertrophy except 
ovaries, and adrenals. There was no constant 
thyroid. The water content of the thy roid, both 
treated animals, was unusually low. 

The percent ige hypertrophies recorded In Ix 
6 point to greater hypertrophy with greater 1 
thyroid fed. Experiment 7 only partly confirn 
further experiments are desirable to exclude indi 
we conclude that the results indicate that 
iodine content exists. The proportionality of 
growth rate and organ hypertrophy to lodine cont 


mony with other observations on the physiological and meta- 


bolic action of thy roid preparations, is to be exper ted if thy roxin 


is the essential constituent of the thyroid, since, 

Kendall (1915), this compound occurs combined in 
amount invariably corresponding to one-fourth 

iodine content. 


Effect of Thyroid Feeding on Size of Thyro 


Our results confirm Herring’s, that in growing young rats fed 
thyroid the thyroid shows relatively less growth. We obtained a 
greater effect with males than with females. The thyroids as a 
rule were paler than normal glands. Their histological appear- 
ance has been deseribed The figures for dry thy roid tissue also 


show a similar decrease. 


Effect of Th roid Feeding Ol Bo ly Fat and Muse ilar De ¢ lopment. 


Like most of the previous observers we have noted an almost 
complete disappearance of fat tissue in all animals fed thyroid. 
In one or two cases, é.q. No. 1, experiment 6, the muscular 
development was distinctly less than normal. 
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Effect of Feeding Sodium Iodide. 


Examination of the figures in Experiments 9 to 12 reveals no 
decrease in growth rate, no relative hypertrophy of body organs, 
and no effect on weight of thyroid. No disappearance of fat 
tissue was observed. The actual figures probably indicate fairly 
accurately the extent of variation in normal rats of the same 
litter. It has already been noted that histological examination 
of the thyroid shows the same changes after iodide as after thy- 
roid feeding. 


Other E ff cts from Thyroid Fe eding. 


The occasional deaths noted during thyroid feeding by pre- 
vious observers, and occurring in our experiments especially with 
the larger doses, are presumably to be regarded as a definite 
result of thyroid action. Kendall (1919) has noted the same 
effect with thyroxin. The non-occurrence of such results when 
thyroid medication is given in diseases such as myxodema and 
cretinism over prolonged periods is explicable, since the thyroid 
deficiency is merely corrected, and the effect of a hypersecretion 
is not produced. Other hypersecretion effects (rough coat, 
increased heart beat, etc.) have been observed by us in but few 
cases, and then chiefly with young animals. These seem dis- 
tinctly more susceptible to the same relative dose. The two 
cases of tetany that we observed were with young animals. 
While we have no explanation to offer for this occurrence, we 
would point out that the observations of Collip and Backus 
(1920), and of Grant and Goldman (1920), that prolonged forced 
breathing may cause symptoms of tetany in man, may have some 
bearing, since rapid respiration and heart beat were concomitant 


factors in the cases we observed. 


Effect of Thyro d and of lodide Feed ng on the lodine Conte nt of 
the Thyroid. 


Experiment 12 shows that there is a marked increase in iodine 
content after administration of iodide, in agreement with numer- 
ous previous observations. The amount of iodide fed, within 


the limits of this experiment, did not affect the amount of increase. 
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No such increase was observed in rabbit thyroids after thyroid 
feeding. This suggests that with the relatively small dose 
employed no iodine was stored in the thyroid, but that the iodine- 
containing compounds in the thyroid fed were entirely used up 
in producing the systemic effects, and the iodine was subse 


quently excreted. 
Effect of Thyroid Preparations of Different Age 


The very similar effects produced by the 9 year old Merck 
and the recently prepared hog thy roid preparation (Armour) indi- 
cate that age has no deteriorating effect on carefully prepared 
desiccated thy roid. Hoskins has already shown that desiccated 
and fresh glands produce the same results, in confirmation of the 


observations of previous workers on other thyro 
SUMMARY. 


The chief results described in this paper are: 

1. Continued small doses of desiccated thy roid gland fed to 
young white rats produce (a) a definite and invariable decrease in 
growth rate; (b) hypertrophy of the organs concerned with 


increased metabolism—heart, liver, kidneys, adrenals, et: con- 


firmatory of Hoskins and Herring); (c) disappearance of fat 


confirmatory of Hoskins and Herring 


2. The decrease in rate of growth is proportional a) the 
amount of thyroid fed and (b) the iodine content of the thyroid 
fed. 

3. The hypertrophy varies with dose and length of application 
of dose. and appears to be proportional to the iodine content of 
the dose. 

t. Sodium iodide fed in quantities varying [rol amounts 
equal in iodine content to the thyroid doses to amounts 100 
times as great produces no effect on growth rate, and no hyper- 
trophy. 

5. The effects produced are not due to protein feeding, autolysis 
products, or any similar cause, but specifically to thyroid tissue, 
or some constituent of it. 

6. Both thyroid and iodide feeding increase the colloid in the 
thyroid (confirmatory of Fordyce, and of Kojima). Thyroid 
feeding inhibits the growth rate of the thyroid (confirmatory or 
Herring ‘ Iodide does not produce this effect 
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e: Similar effects from thy roid feeding on crowth 


rate and 
organ hypertrophy were obtained with rabbits 
Since of numerous 
definite effect (Hoskins 


effect 


tissues tested only thvroid produc 
and since iodide does not 


we suggest that decreased growth 


es a 
produce this 
rate, organ hypertrophy 
liver, heart, kidneys 

decreased thyroid can be used a 
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RELATIONSHIP BETWEEN THE PLASMA BICARBONATE 
AND URINARY ACIDITY FOLLOWING THE ADMIN- 
ISTRATION OF SODIUM BICARBONATE 

WALTER W. PALMER, HARALD SALVESI 
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Palmer and Van Slyke (1) have shown th 

men approaches the alkalinity of the blood (pH 
the plasma bicarbonate CO, exceeds 71 
while the urines of many pathological ec: 
with a high grade of renal disease and d 
ipproach the alkalinity of the blood until 
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pathological cases. Furthermore, it was shown that sodium 
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when W is the weight of the individual in kilos.!. Estimation in 
this manner of the amount of sodium bicarbonate necessary to 
replenish the depleted alkali reserve as shown by plasma bicar- 
bonate CO, determinations serve a useful purpose in clinical 
practice. 

In view of the importance of the use of sodium bicarbonate in 
combating severe grades of acidosis, more especially in diabetes 
mellitus, nutritional diseases of children, and methyl alcohol 
poisoning, further observations have been made in the hope of 
extending the clinical applicability and reliability of the urinary 
reaction in controlling the administration of alkali. Although 
the reaction pH 7.4 of the urine elaborated by kidneys, whose 
function of regulating the acid-base equilibrium of the body is 
impaired, is an insufficient, indeed, may be an unsafe indication 
that the proper amount of alkali has been given to restore the 
level of plasma bicarbonate to within normal limits, it was thought 
possible that the first significant effect of alkali administration on 
the urinary reaction (pH) might be employed as a safe clinical 
guide. That our expectations in this respect were justified is 


apparent from the following results. 


EXPERIMENTAL, 


Sodium bicarbonate in 2 gm. amounts in 100 ec. of water was 
given by mouth every 4 hour to subjects in whom the initial 
plasma bicarbonate revealed no severe grade of acidosis; that is, 
not less than 50 volumes per cent. In cases with a moderately 


severe acidosis (a plasma bicarbonate between 40 and 50 volumes 


1 The calculation in terms of plasma CQ, is made as follows 
NaHCO; contains 267 ec. of COs measured at 0°, 760 mm. If the body 
fluids are estimated at 700 ec. for each kilo of body weight, then the dis- 
tribution of 1 gm. of bicarbonate among them would raise the CO, content 
267 38 
sai y _* 
rai W 
in kilos. If g gm. of sodium bicarbonate were taken into the fluids, the 


in cc. per 100 cc. of fluid by ‘c., W representing the body weight 


: : 3oSg : 
rise in volume per cent of CO, would be We Converse ly, the amount of 


bicarbonate necessary to raise the CO, by b volume per cent would be 


bw 38q 
g = . Hence the formula b =, 
38 J 





Palmer, Salvesen, and Jackson, Jr. 103 


per cent), the individual doses of sodium bicarbonate were 
increased to 5 gm. each and when a more marked reduction of the 
alkali reserve (below 40 volumes per cent) was found, the dose 
was increased to 10 gm. It became desirable, especially in cases 
with severe acidosis, to give the bicarbonate every hour instead 
of every 3 hour. The hydrogen ion concentration of the urine 
was estimated immediately before the administration of each 
dose of alkali. Blood bicarbonate determinations were made 
before the sodium bicarbonate was given, and again at the point 
when the first significant depression of the urinary acidity was 
observed. It has been shown repeatedly in cases where a distinct 
acidosis exists and without alkali administration that, during the 
short interval of time of the experiments here reported, the reac- 
tion of the urine remains quite stationary. Tor this reason, ‘“‘the 
first significant depression of the urinary acidity’’ was considered 
as a change corresponding to one interval in the seale of standard 
solutions used for the hydrogen ion concentration determinations, 
The standard solutions employed represented a pH of 7.4, 7.0, 
6.9, 6.3, 6.0, 5.7, 5.3, 5.0, and 4.7, respectively. 

The pH of the urine was determined by the colorimetric method 
described by Palmer and Henderson (2) with the exception that 
for pH values between 7.4 and 6.3 phenolsulfonephthalein was 
used; between 6.3 and 4.7 methyl red. A further slight modi- 
fication was employed. Instead of introducing 10 ec. of urine 
into Florence flasks, 1 cc. of urine was pipetted into test-tubes 


—, 
x 


25 X 200 mm.) of clear glass and diluted to 25 cc. with distilled 
water. Under these conditions 10 drops of 0.04 per cent phenol- 
sulphonephthalein and 10 drops of a saturated solution of methy] 
red produce a satisfactory color for purposes of comparison. 
Plasma bicarbonate estimations were made by the method 
described by Van Slyke and Cullen (3). 

We have arranged our results in Table I in order of the grams 
per kilo necessary to produce a significant change in the pH of 
the urine. In Experiments 7, 19, and 27, before any significant 
change in the pH of the urine took place, the patients became 


nauseated, hence the experiments were discontinued. 
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DISCUSSION 


results in Table I clearly demonstrate the reliability of 
mploying the early effect of alkali administration on the pH Oo! 
as an indication of the restoration of the biecarbonat 

the blood plasma to within normal limits. \ variety of 


logical cases, particularly the clinical conditions known to 


have impaired renal function and diminished alkali reserve 


lor the thirty-three ca the average plasma 


mate CO. at which an appre clable depression of the act 


urine occurs is 68.7 volumes per cent alue well 


} Litle \V ¢ 


rmal limits. The ave Loe ‘nange the pH was 0.97 


garding for the moment Case 33 and \ 19 and 27 whi 


ontinued on account of nausea, the maximum pla 


bonate CO, at which depression of urinary acidity oc is 


1G1 curs 
78.8 volumes per cent in Case 15, while the minimum plasma 


bicarbonate CO, value is 60.0 volumes per cent in Case 17 


, a 
ariation of approximately +10 volumes per cent. It should 
be explained that in Case 33 large amounts of alkali were given 
in a relatively short time. Although the plasma _ bicarbonate 


ache d the high level of S1.5 volume s per cent the kidneys 


xereting a urine the reaction of which w he same as that 


+ 


it the beginning of the experiment. however, the urine 
became very alkaline, pH 8.2. Similar phenomena 

observed in patients not re ported in this paper. Che evi 

far as it exists suggests that, in severe acidosis in diabet 

there is a disturbance of 1e acid-base 

the kidneys. This disturbance of renal function appears 
temporary, and does not prevent the use of the pH as an ind 
sufficient alkali administration. In Cases 31 and 32, diabetes 


mellitus with severe acidosis, in which the alkali was given more 


1c plasma bicarbonate COs was 61. 74.2 volumes 

‘vels not to be considered dangerous. A safe manner 
administration in instances of severe diabetic acidosis appears 

to be at the rate of not more than 10 gm. of sodium bicarbonate 
per hour if given by mouth. In the more severe grades of acidosis 
occurring in diabetes mellitus, the administration of large amounts 
oO! sodium bicarbonate by mouth may be unwise. The regulation 


1 


of the diet in many instances may be sufficient to control the 
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situation. Where there is impending coma (plasma bicarbonat 
CO, below 30 volumes per cent) the introduction of sodiw 
bicarbonate (25 gm. in 5 r cent solution) intravenously 
desirable. Additional alkali may be given by mouth but sh 
be discontinued at the first complaint Oo! naust 

In clinical practise the series of standard pH solutions may 
eliminated. With the suitable indicators avail 
obtained before the administration of alkali may 
guide to the degree of depression of the 
sequent observations. Such a procedure 
physician is familiar with the use of the standard solu 


} 


The quantative relationships between the alkali 


the pathological cases and the degree of acidosis 
Palmer and Van Slyke (1). Since the rise in vol 
plasma bicarbonate Ct o caused by absorption Ol em. of sodium 
OS 
bicarbonate is approximately r it should be 
mate the original plasma bicarbonate CO, in volumes per cent 
38d 
follows, 68.7 : The level of the plasma 
i 
at which the urinary pH shows its first depres 
volumes per cent. The 4 lumes per cent 
fore, excludes the » of the : ve method for 
aecurately the initial plasma bicarbonate or the di 
from the amount of sodium bicarbonat« 
effect on the pH of the urine, 
here is no constant relationship 
to the renal function and the level 
at which the first effect on the pH of the 
alkali administration. We have ass mbled the « 
1) in order of the severity of renal damage 
nolsulfonephthalein excretion and 
tude of the blood urea, comparing 
CO, at which the urine showed thi 
shown in Table II. 
rom the facts available the: ppe 


lelism between either the phenolsulfonephthalein excretion or 


; ] 1 
he blood urea increase and the pl: 


iciditv is decreased. Mu 
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necessary before a definite statement regarding the relationship 
of these renal functions can be made. In further study of this 
phase of the subject it would be necessary to separate the cases 
of nephritis into groups from the standpoint of the effect of 
disease on the several acid factors described by Palmer and 
Henderson (4). The acid factors in question were not deter- 
mined in our cases. 


rABLI 


Phenolsulfone- ‘ ; Combined 
Experiment phthalein . ombined CO: in 
Nx excretion in COs in plasma —— plasma after 
) € ) ; aa CO oO asma ! > 
ee after NaH ; NaHCOs 


per cent per cent vol. per cent 

47 66.9 69.0 
61.0 66. { 

38 61.4 32 61 
72.4 { 40 61 
67.2 y 5O 70 
66.9 2% 62 72.4 
68.1 2: 68 66. 
69.0 ‘ 92 68 
70.0 y 95 67.: 
70.0 2 97 67. 
67.8 2.54 70 


Our observations afford further confirmation of the validity 


and usefulness of the formula b in alkali therapy. In two 


38¢ 
W 
instances, Cases 23 and 33, there occur rather wide variations 
(13.8 and 13.3 volumes per cent, respectively) between the cal- 
culated and observed increase in the plasma bicarbonate CQ). 
The explanation for the discrepancy in Case 33 is not unlikely to 
be found in the incomplete absorption and distribution of the 


sodium bicarbonate among the body fluids resulting from too 
rapid administration. In Case 23 the large difference between 
the caleulated and observed CO, is not clear. In the other 
cases the theoretical and actual increases in plasma bicarbonate 
CO, correspond with previous observations and are well within 
the limits of error for the experimental conditions. 
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SUMMARY. 


1. In normal and pathological cases, following the administra- 


tion of sodium bicarbonate, the plasma bicarbonate CO, ap- 


proaches 68.7 + 10 volumes per cent at the time the first depress- 


ing effect of the alkali on the urinary acidity is noted. The use 
of the first significant effect on the pH of the urine, therefore, in 
controlling the therapeutic use of sodium bicarbonate is safe 
and reliable. 

2. Although the pH of the urine serves as a safe guide to the 
control of the therapeutic use of sodium bicarbonate, the incon- 
stancy of the level of the plasma bicarbonate CO, at which a 
change in the pH of the urine occurs does not admit of estimat- 
ing with sufficient accuracy the degree of diminished alkali reserve 
to be of practical value. 

3. Confirmation of the observation of Palmer and Van Slyke 
that “absorbed sodium bicarbonate is distributed in approximate 
uniformity. . . . to the blood” and ‘the effect of a given 
dose in raising the plasma bicarbonate may be calculated by 
assuming that the body contains 700 ec. of fluid per kilo and that 
the bicarbonate absorbed is distributed therein uniformly” is 
afforded. 

1. The variability among the several levels of plasma bicar- 
bonate CO, at which a significant depression in the pH of the 
urine occurs in normal and pathological cases is probably explained 
by the varying degrees of injury to the acid-base regulatory funce- 
tions of the kidney. There appears to be no close relationship 
between this function and the ability of the kidney to excrete 
phenolsulfonephthalein or the blood urea. 
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DETERMINATION OF CHLORIDES IN BLOOD 


WETMORI]I 


uublication, Octol 


At the present time the methods for the quantitation 
ride in the | lood most generally used in clinical laborato 


those of Van Slyke and Donleavy (1), Rappleve 


. } } 
| 


3). Their methods give good results when properly 
However, all of them are complicated by various pitfalls, inherent 
either in the method or in the collection of blood samples, which 
render the obtaining of accurate results, especially in the clinical 


i 


laboratory, unduly difficult. For this reason a method has been 


devised which obviates these difficulties. It has the advantas 


es 
that the same reagents are used for determination of chlorides 
in the whole blood and in the plasma. Furthermore, chloride 
may be determined in blood samples collected for the anal 


sé 
Li 


of the system of Folin and Wu, which is an indispensable part of 


t 


the work of the clinical laboratory. 

The method proposed is based on the precipitatio1 
Dy copper hydroxide; on the precipitation of the oxalate 
part, if not all, of the phosphate by an excess of calcium hy 
ide; and on the titration of the chlorides DY the proce 

v Rappleye. The copper hydroxide reagent employed 
cipitate the protein has been successfully used by Hare 
Mason (4) for the blood. The filtrates obtained by 
remain clear after the addition of the tungstic 


Folin and Wu (5 
Procedu cS. 


The sample of blood is collected in dry potassium oxalate 
Dry syringes should be used, as small amounts of water intro- 
duce a source of error, especially when small amounts of blood are 


eolle ected. 
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gained in weight when a loss of weight and deat] O 
been expected. 


Inquiry revealed the fact that the I niversity herd had beet 


jc 


turned out to spring pasture about 10 days before we h 
to notice the improved condition of the ¢« xperiment | animals just 
described. In view of the fact that the antiscorbuti tamine is 
supposed to be very susceptible to he at, we postulate d at the time 
that the improved nutritive properties of the milk were due, in all 


] 


probability, to an increased amount of the fat-soluble vitamine in 
the milk; the last mentioned vitamine having shown greater sta- 
bility toward heat than either the antineuritic or antiscorbutic 
vitamines. Consequently, experiments were immediately initi- 
ated using 20 and 30 ce. of whole and skimmed raw summer milk. 
It was found that 20 and 30 ec. of summer milk protected guinea 
pigs from scurvy for 90 to 100 days when other investigators had 
often failed to obtain protection with much larger quantities of 
milk. We were convinced, therefore, that the disagreements 
which had existed in previous studies, where milk had been fed 
as the antiscorbutic material, could be explained upon dietary 
grounds and that the vitamine content of milk is dependent upon 
the vitamine content of the diet of the lactating animal. 

Similar suggestions had already been made by other investi- 
gators, but in the majority of cases these suggestions had not 


been based upon experimental evidence. Previous to our an- 


; 


nouncement,! it had been observed that the antineurltic \ amine 


} 


in human milk is dependent upon the diet of the nursing mother. 
MeCollum and coworkers,’ experimenting with rats, came to the 
same conclusion. The last mentioned experiments, while un- 
doubtedly correctly interpreted, appear somewhat lacking in con- 
crete proot, due to the fact that it was not possible to determine 
whether or not the milk flow of the experimental mother rats was 
sufficient for the dietary needs of the young. Obviously , experl- 
ments which involve the use of dairy cattle are much to be pre- 


ferred, in this regard, for although milk production may fall (as 


Dutcher, R. A., Pierson, E. M., and Biester, A., Science, 1919, 1, 184. 
Andrew, V. L., Philippine J. Sc., Section B, 1912, vii, 67 

McCollum, E. V., Simmonds, N., and Pitz, W., J. Biol. Chem., 1916, 
i, 33. MeCollum, E. V., and Simmonds, N im. J. Physiol., 1918, 
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which were started on summer milk on August Ist 


riority of the summer milk is quite e ident from the 
last mentioned groups. 
Che animals which received 40 e 
the same manner as the 30 ce 
received winter milk beginning 


not develop seurvy. This might 
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fact that the March and April groups did not do so well prob 


lies in the fact that the milk was becoming progressiv ly poorer in 


vitamines, and after the supply stored by the guinea pig was 
exhausted the deficiency disease developed. The groups receiv- 
ing 40 ec. of summer milk grew well and did not develop scurvy. 
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Vitamine Studies. VI 


slowly, when the diet of the cow is low in vitamines. while the 


milk becomes of higher nutritive value almost immed 


uately upon 
the ingestion of a vitamine-rich ration. In other 
a tendency tor milk to become poo! 


rapidly as far as the vitamines 


there 


| 


rie 
biti 


seems to he 


are concerned. 
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The rapid return of the blood to a normal m inganeset ont 
\\ 


have stated 


raises the question of the manner of elimination. ichert (3 


Kobert (4), Cahn (5), and Harnack (6 that man- 


ganese is excreted 1n the bile and intestines but give very little 


A more elaborate feeding experime nt than those 


analytical data. 


; 


described above was carried out, in which C. K. D. ate 25 gm. of 


franklinite in the course of 3 days. During that time and for 


several days after, the total 24 hour amounts of urine and feces 
and 2 gm 


xereted 


were collected and carefully sampled. 500 ee. of urine 


of feces were used for analysis and the total manganese ¢ 


in 24 hours was calculated. 
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140 Manganese 


enough periods to be in any way comparable to the long con- 
tinued exposure in the mills; neither has it been possible to obtain 
autopsy material from cases of poisoning in order to study the 
distribution ol absorbed manganese in the body. \ecordingly, 
animal experimentation was undertaken to obtain such data. 

Six healthy dogs were chosen as subjects and for a long period 
they were well cared for and fed a diet of bread and meat with 
which had been mixed their daily ration of a manganese ore. 
Blood specimens were taken from the jugular vein at intervals of 
1 month, and both the manganese and non-protein nitrogen con- 

nt was determined. The nitrogen determinations were made 
by Dr. Folin by the method of Folin and Wu (7). \s there was 


1 


no change in nitrogen level, these figures were omitted. 
Dog 6 was killed after 11 months because of poor condition due 
of distemper rather than to any effects that could be 
‘ribed to manganese feeding. Dog 7 developed an extensive 
ellulitis and died after removal of a pus sac from his neck. The 
ther four dogs were apparently in as good condition at the end 
the experiment as at the beginning, an observation further 
tantiated by the fact that Dog 3 gave birt] four normal 
puppies during the experiment. 
‘figures in Table V show no signifie 
itration in the blood during 


The fluctuations mav be 


ecimens were taken at 


different 
Pee ne any Hee = i Ta 
inganest iten { emporariuy increase 
must, then, either be com- 
] ] y 
i 


iminated or perhaps stored in some insoluble non-toxic 


in certain tissues of the body. 

it became apparent that it was impossible by feeding 
produce any changes demonstrable in living animals, or to 
xduce the shghtest symptom of manganese poisoning, the dogs 
were killed and a complete analysis of the tissues was made. A 
comparison of the figures in Table VI with the normal values 
obtained by Lund, Shaw, and Drinker (8) for various dog tissues 
shows that the manganese content of all tissues in the dogs fed 
with ores 1s somewhat high - the increase being more m irked in 


» liver and bile as the results given in Table IV would lead one 





TABLE V. 
jlood of Dogs in Prolong d Feedir 7 of 
Ores 


Mar.,| May, | July, | Sept., 
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GROWTH ON DIETS 
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The ex periment al studies of Kohman end t 
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show that even in the presence of fats in the di 
of low ealories, low protein and excessive uid i 

marked dropsy corresponding to war dropsy i 
Phe import ince Ol specine vitamines seen 
these experiments.” 

\Maignon™ supposes that the fats play an impor 
itilization of protein, a réle which carbohyd 
to fill. His experiments, conducted by feeding mi 
or less isolated food materials without due consid 
how we I] recognize d nee d Or accessory food { 
need not be ft ther reviewed at this time. 

Attention has recently been concentrated 

pi iblication of von Groéer® from Pirquet’s 
He has succeeded in att uning practically normal 
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150 Growth on Diets Poor in True Fats 


ether. Phe fat-soluble factor Was supplied by dried alfalfa.?? 
the water-solubli by dried veast. The foods were re pared as 
; | 

f,\}] 
IOLLOWS, 

The starch was first mixed with cold water and then gelatinized 
by pouring into boiling water. ‘The meat residue and salts were 
added and the mixture was dried in air at about 70 


In the first series (Rats 6369, 6367, 6383) the food mixture 


consisted of meat residue 23, starch 72, and salt mixture 5 per 
cent To furnish the necessary vitamines tablets containing 0.4 
om. of brewery veast, 0.2 om. of alfalfa, and 0.2 om. of cane 


sugar were fed daily apart from the rest of the food which was 


oft red ad libit i. Rats 6367 and 60383 recelve d additional doses 





oO! alfalfa, is Indicated on Chart | during the latte) 1x riod ol 
their growth 

The meat residue* yielded 1.6 per cent of ether extract. The 
diet can at best be deseribed as exceptionally low in true fats. 
Nevertheless the animals grew on it with vigor, reaching approx- 
imately 300 gm. when this report was prepared. In two cases 
Rats 6367, 6383) the daily supply of alfalfa was increased to 1 


the amount 


and 0.4 gm. respectively at a time when it seemed as 
of fat-soluble vitamine might be too small. This change increased 
very slightly the amount of true fat available for the animals, 
In order to reduce still furthe the fat component of the cliet 
which, except in the very small fixed daily portions of alfalfa and 


veast, increased with the augmented food int uke of the large 


animals, a food mixture was prepared for which the thoroughly 





dried meat residue was extracted five times with ether containing 
little alcohol. 


I’xtraecting with anhvdrous ether removed from the non-vita- 


mine portion of the food mixture 0.24 per cent of solids. On the 
basis of these data the largest daily intake of ether extract (fat(? 
Phe preparation and pote f this fror ng I es Is 
1esc! bed 1) Osborne I 3 na Mien i I B ] , C/ 1919 
\ 1. IS4 It conte ether-soluble m eT! l was 5.06 I (0.2 
gm. « his dried alfalf supplied ily to the rats ul is cont 
I { Ol gr ( etner ¢ ( 
Che general conduct of such experiments bv us has been descr ved by 
1920, 1 
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154 Kffeets of Low Pressure 


row, and, although it must remain doubtful whether their pro- 
cedure can be compared with an exposure to low pressure, their 
extended time of observation seems to warrant their conclusion 
that the bone marrow may be sensitive to a deficient oxygen 
supply of very short duration. 


Cyreg Lutz, and Schneidet f in a recent piece of research 


in which they interned a great number of men in a low pressure 
chamber for short periods of time, found in the majority of 
cases an increase in the number of red cells, but the 


‘ 


‘e inclined 


to the view that an ‘increased production of hemoglobin and 
erythrocytes by the bone marrow is improbable” and that the 
change is due either to a concentration of blood plasma or to a 
dormant supply of old blood corpuscles. 

The emphasis Abderhalden (5) has laid upon the necessity of 
combining blood countings with biochemical methods for reach- 
ing an understanding regarding the blood changes during pro- 
longed sojourns in high altitudes, seems to hold true also in the 
controversy whether the increase of red cells, occasionally observed 
after short exposures to low pressure, is caused by a stimulation 
of the erythropoietic Organs or not. It is evident that the bio- 
chemical methods one of us (6) has employed to test the increase 


of erythrocytes in mountain trips would be useless for our present 


problem; that, however, the biochemical equilibria of the body 
may be profoundls affected D\ short exposures to low pressure 
may be learned from investigations of Haldane and coworkers (7 
in which they found changes of the acid-base equilibria, similar 
to those that have been demonstrated by one of us (8) to take 
place during prolonged stav at high elevation. 

Masing (9) has suggested the use of the phosphorus content 

the « rvthrocy tes as a criterion of the presence of newly formed 
red cells; a higher percentage would then indicate a stimulation 
of the erythropoietic organs. Considering the presence, accord- 
ing to the hematologists, of nuclear remnants in the circulating 
red cells, Masing’s idea seems to be worthv of adoption, in the 
light of recent investigations of Bloor (10). It is, however 
doubtful whether any decision can be reached as to the average 
age ol the erythrocytes from analysis of the red corpuscles for 
phosphoric acid Furthermore as it has been found that the 


corpuscle volume may vary within wide limits, the rough figure 
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for the phosphorus content of a unit volume of packed corpuscles 
s misleading for our present purpose. The average phosphorus 
ontent of an individual red cell, which for our inquiry wou 
nstructive, is affected with such an excessive experimental e1 
s in most cases to make its use imagin 

Recognizing the obstacles referred to above 

ng to arrive at results that might throw some light on the qu 
ion whether anv stimulation of the blood-forming al O Irs 
nen they fur’ subjected toa decreased Oxvgen SUpPD cle 

» combine estimations of the phosphorus onten I ) 
ith blood countings in animals kept for a few hou 

tally decreas pressure We were the mor I ly i > Ul 

ke the investigation as no data aré ulable g 9 
phosphorus content of the blood in high altitudes: and u 

s such a research would furnish a great number of d 1 Wil 
reference to the normal variations of the total phosphor 
ind its different fractions One of us (6) has spec ilated whet! 
the constant phosphorus retention he found, combined wit! 
owered bicarbonate content of the blood, could possibly dep 

n the participation to a greater extent ot the phos ites 

iffer value of the blood in high altitudes es 

his connection that our present Investigation who : 

his suggestion, which was formulated because o ek « 
nation of the high phosphorus content of the r ( 

ily explains the positive phosphorus balances obsi 

We employed for our experiments a low pressure ch 

ui been constri ( Vy one of us | >. > or a f 

titude experiments on small animals The app $s cons 

i. cylindrical vessé made of lhe VV galvanl shee ( 
height 50, diameter 65 em.) with concave bottom and to 
vith twelve vertical wrought iron braces branching off to supp¢ 
l top. In the center of this is a round window, 35 « in dlam- 
ter, surrounded by a rim for a rubber gasket. On the rubber 
sket is placed a piece of rubber tubing on which rests a piece o 
ite glass inch thick. By this simple arrangement a her- 
etical sealing is accomplished when the pressure inside th 


pparatus 


ction pump, driven by a 
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=f 


nt 





pressure 


Is decreased. 


The evacuation of air is done with 
| horse power electrical motor A 
ned by adding to the constant air ink 
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other immediately after restoring normal pressure. To 
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enable quicker handing the animal W ied Gown on its back In 
| f 
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Ki. S. Sundstroem and W. R. 
corpuscles and plasma hoth the directly determin i I ul 
ind its fractions—inorganic, organic, and lipoid [In the table 
\ designates the series at the beginning and B the seri it the 
end of each experiment 
Che omplete al Ol the piood $ ¢ oly 
bits for phosphoric acid constituents a ( | : 
possible to estal ish tentative ave Y 
or these constituents in normal rabbi 
/ ( I ! I ng 
i Rabbits 16, 17 19 d exe ng » 5 
mi Aver 5.06 7.19 ‘ 1GN7 
ar | () } nil \ s 
7.5 per 
/ ] P) | \ 
ge 9.76; highest 14; | est 5.0 mg. per 100 « 
] Phosp} I we v-f \ y ) 
west 5.0 mg 


Cor) le Phosphat ] a) RP) hate Sixteer nit Ave! 
ge 14.2: highest 28: lowest less than 3.0 me. per 100 ec cory es 
Orga Phosphate Nineteen animals Average 257: highest 312 
he anemic rabbit owest 200 mg pe r 100 ce 

Lipoid Phosphate Average for 27 animals 68.4; highest 11 


Sime. per LOO ec 


Since for our present study the absolute hgures are of minor 


Importance, the interest centering around t inges taking 


place in the blood from the exposure to the low pressure, we 


} 


1 
] 


have in Table II calculated the percentage changes of the number 
of erythrocytes, corpuscle volume, corpuscle phosphates, and 
plasma phosphates, total, inorganic, and lipoid. The experi- 
ments are arranged according to pressure and time of exposure 
coca es 


It is regrettable that our experimental methods involved a loss 


of 5 to 6 per cent of the blood of the rabbit at the commence- 
ment of each experiment. It is well known that large hemor- 
rhages themselves may stimulate the blood-forming organs. 
| prior? it 1s impossible to tell to what extent the hemorrhage 
might have interfered with the effect of the internment in the 
low pressure chamber. On the other side the objection may be 
raised that the awkward position of the animal during the 
experiment in some way may affect the composition of the blood. 


\s already mentioned real struggling of the animal very seldom 
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took place. By adding a great number of control experiments, 
in which the rabbits were treated in exactly the same manne! 
as in the low pressure experiments, we believe that we have over 
come the above named difficulties. As will be seen some changes 
occurred to about the same degree in both the main series of 
experiments but it would be difficult to understand why other 
changes were met with only in the low pressure series, if it were 
not that these changes are attributable only to the new environ- 
mental factors of the low pressure apparatus. 

Of the twelve controls the first seven (in Table I1) were in all 
respects ideal ones. In the next three the rabbits had 3 weeks 
previously been used for low pressure experiments and presum- 
ably because of this earlier ‘sensitizing’ these experiments 
present differences from the other controls. In the next experl- 
ment the rabbit was anemic at the beginning and consequently 
may be supposed to have reacted more strongly to the hemor- 
rhage than the others; while in the last of the controls the rabbit 
was unusually small. 

Turning our attention to the percentage changes in the ideal 
controls we recognize that they are, with sole exception of the 
red count and inorganic phosphates, small and in most cast 
within the limits of experimental error. The decrease of the 
number of red corpuscles varies with exception of onl No. 26 
between 2.0 and 10.3 per cent, with an average of 5.5 per cent 
When we calculate the blood volume from the body weight and 
compare the amount of drawn blood with this hypothetical 
blood volume, we arrive at approximately the same figure. It 
thus appears as if the decrease of red count bears a relation to 
the amount of hemorrhage, which seems to indicate that no dor- 
mant supply of erythrocytes was drawn upon. 

The changes in the corpuscle volume vary between +4.2 and 

7.6 per cent and as the experimental error of the corpuscle 
volume equals the superposed errors of two different estimations, 
we are inclined to the view that no change of the corpuscle vol- 
ume took place in the ideal controls. 

The total phosphorus content of the packed corpuscles varies 
in the seven experiments between +8.5 and —11.0 per cent. As 
the figures in five of the cases are well within experimental error, 
it is doubtful whether any significance can be attached to the 
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two somewhat larger deviations. Moreover, the problem. that 


for our present inquiry would be more important 


than the phos 


phorus content of the mass of mixed corpuscles, namely th 


average phosphorus content of an individual red cell, is difficult 


to approach hecause of the trebled experim ntal error. We have, 


however, satisfied ourselves as to this matter. but we have failed 
to discover anything that would point in the direction of a change 
of the phosphorus content of the single ervthroeyt Che devia- 
tions were equally distributed around the verage 
Regarding the change of phosphorus content of the plasma w 

notice a decided difference between the two matt ractions 
Inorganic and lipoid phosphorus W hil rhe change ) Line 
Inorganic phosphate 31s, in all cases except o1 trongly negative 
the lipoid fraction remains remarkably constant, the total 
phosphates occupying an intermediate position. The average 


decrease of Inorganic phosphates 1s 18.1 per cent 


ol lipol Is 1.6 


per cent. It seems possi therefore, that the lipoids were little 


if at all affected the restoration of the blood 


\ olume. 


to 1ts norm ul 


, 
Postponing the dIscussio Ol the remaining control experl- 


ments at normal pressure till later, we pass over to a consideration 


of the low pressure experiments. The number of red corpuscles 

fable Il) does not allow us to draw any sweeping conclusions 
as the percentage changes vary between 11.1 and 14.5 
Since the DoOsitive deviations occul mostly at tne lowel pressures 


although the amount of blood drawn was in these cases somewhat 


larger, it is, however probabie that increase of red 


1 ] 
standing the loss Ol blood, was due to the lowers 
pressure If 5 per cent of the negati changes Is 

+} ] } ] +} } 
d to th oss ot blood \ find that in the majo 
350 and 400 mm. an increase of ervthroeytes ha 


But even the negative changes are noteworthy, 


] 


celis, notwith- 


ad atmosphe ric 


CONS {( ed is 
It OF Cases al 
l ¢al 

| LKReTI pera 

s in high alt 


has often been found that a decreasing erect 


on the number oO} ervthrocvtes Way precede the Increasing one 


Making it probable that lability of the number of 


1 ] 


is a typical feature. On the other hand, although naturalh 


] 4 | 
stimulation of th erythropoietic organs most 
accompanied by an increase of circulating read 
= ' , 
absence of this latte: menomenon does not seem 
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greater activity of the bone marrow, as it is possible that the 
newly formed red cells may linger there for some time befor 


they enter the circulation. 


The change of the corpuscle volume varies betwee + 10.8 
und 18.3 per cent. The maximal negative changes, whicl 
indoubtedly exceed the experimental error, are found afte! 
xposures to very low pressure. The largest positive change is 

whed after an exceptionally long exposurt 5. hou to 400 
m. We are therefore inclined to the view that the present 

idy confirms the results reported by one of us (12), that low 

sure tends to alter the size of the erythrocytes W het 
hese changes bear any relation to changes in the hyd gwen 10! 
necentration of the blood, as suggested, we are not in a positior 


inswer, although the determination of the dissociation eurve 
the oxyhemoglobin in some of the experiments apparent 
pointed in this direction. 

While very little weight can be laid upon averages, when the 


number of cases is small, it occurred to us that it might be of 


] 


mme interest to calculate the average change ol corpuscl 
lifferent pressures 
} ~_ 
yi) 
The changes in the total phosphoric acid content of the cor- 
scles varv between +-14.9 and 7.0 per cent We further 
OL2TIZe that most of the changes are to the positive side and 


hat the maximal ones of these occur at the lowest pressures. 
We would attach more importance to the prevalence of positive 
hanges and believe that they indicate an increase of the phos- 
phorus content of the corpuscles at high altitudes ii we had suc- 
ceeded in confirming them by calculating the phosphorus content 

individual red cells. The maximal positive change is 19.1 
er cent, and the maximal negative change is 11.1 per cent; the 

erage change is +1.0 per cent. In the first seven control 


xperiments the corresponding figures are 12.4, 13.2, and +1.2 


only two experiments is the positive change of 





































166 k:ffects of Low Pressure 


corpuscle content of phosphorus safely beyond the limits of 
experimental error. In one of the cases the duration of the 
experiment was twice the average duration and it is possible that 
if we had extended the duration in other experiments still longer 
we would have been able to discover an increase of the individual 
corpuscle H;PO, content proportional with the length of time. 

The estimation of the lipoid phosphorus content in individual 
red cells revealed that only in three cases was the change beyond 
the limits of the experimental error. All these changes were 
negative (15.8, 17.0, and 13.9) and, as will be seen, coincided with 
maximal negative changes of the plasma lipoids. 

If we turn our attention to the plasma phosphates in the low 
pressure experiments there seems to be no doubt that a decrease 
has taken place and this applies equally well to the inorganic and 
lipoid phosphorus and to the total phosphorus. The average 
decrease of the inorganic phosphorus is at 350 mm. 18.6, at 400 
mm. 20.2, and at 450 mm. 24.2 per cent, with a total average of 
21.3 per cent. The average decrease of the inorganic plasma 
phosphorus in the seven controls is 18.16 percent. It therefore 
appears as if the decrease of the inorganic phosphates in plasma 
were attributable to the bleeding alone. 

The decrease in the low pressure experiments for lipoid phos- 
phorus is at 350 mm. 16.3, at 400 mm. 11.6, and at 450 mm. 
14.9 per cent, with a total average of 13.2 per cent. When com- 
pared with the constancy of the lipoid phosphorus in the seven 
control experiments (average 1.6 per cent) these figures lead us 
to the conclusion that the decrease of lipoid phosphorus is caused 

» by the low pressure treatment. The fact that no change of the 
lipoid phosphorus occurred in the two experiments of the shortest 
and longest duration seems to indicate that the greatest decrease 
takes place between 14 and 5} hours. 

It now remains to seek an explanation for the decrease of 
plasma lipoids, which seems to be confined to the low pressure 
experiments. Effects of digestion and work are excluded as the 
animals were fasting and were tied down. Complete muscular 
inactivity could, naturally, not be obtained, but as to possible 
effects of struggling it has been pointed out that the control 
animals were more restless than the others. It seems certain that 
an enrichment of the circulating red cells with lipoids, that would 
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result in an impoverishment of the plasma in these substances, 
did not occur, as it was found that the greatest decreases of the 
plasma lipoids were accompanied by proportional decreases ol 
the corpuscle lipoids. Thus the three maximal changes of 


plasma lipoids to the negative side (27.9, 25.2, and 18.2 per cent 


corresponded to the three greatest changes in the same direction 
of the individual corpuscle lipoids (17.2, 15.8, and 13.9 per cent 

[Instead of compensating for the loss of lipoids from plasma by 
storing up lipoids, it is probable that even the circulating red 
cells may be compelled to contribute some of their own lipoids 
But where are all these phospholipoids that probably consist 
mainly of lecithin deposited? While the inorganic phosphates 
re easily eliminated from the body through the kidneys (although 
such an explanation of their decrease in the plasma is doubtful 
in the light of the fact that a retention of phosphates is a constant 


phenomenon in high altitudes) such an output of the lipoids is 


out of the question. A dilution of the blood would likewise be 
contrary to the repeated observation that the blood plasma tends 
to become concentrated at high elevations The most probable 

ternative is that the lipoids have been taken up by some part 


the body itself. 

\ number of investigators have tried to elucidate the effect of 

ill doses of lecithin on metabolism In all the cases where the 
xperiments have been well controlled (13) a retention of nitroger 
na phosphorus and partly also of sulfur has been found, indicat 
ng a formation of new body protein. Other observers (14) have 


ud atte ntion Lo the effect é) injections ol leeithin on the n unbe ! 


red corpuscles and have been able to find a rather onstant 
rease, That lecithin probably plays some role in the function 


the ervthropoietic organs 1s evident from the fact that th 
me marrow contains comparatively large amounts of lecithin 
| that this percentage is higher in the red marrow of voung 
nimals (15). Whether the hypothesis that the lecithin acts as 
bridge to the nucleins, these proteins obtaining their phosphorus 
supply from the lipoids, will prove correct is impossible to tell; 
however, if that is the case, the beneficial effect of lecithin injec- 
tions on the number of red cells would be satisfactorily explained. 
Che lecithin requirements for the formation of new erythrocyt 


ould, furthermore, throw light on the changes of the plasn 
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lipoids at low pressure. A part of these would be taken up 
the blood-forming organs. If future investigations prove that 
this is true, the almost immediate reaction of the bone marrow to 
lowered pressure IM the direction Or i stimulation, which we are 
now able to offer only as a hypothesis, will at the same time 
obtain a firmer foundation 

As already mentioned, in the control expernments Nos. 20. 21 
and 23, the animals had 3 weeks previously been expos d to low 


pressure. One of us has directed attention to the sensitizing 


effect of sojourns in high altitudes 1G) to very small changes in 
atmospheric pressure. It seems possible that the difference thi 
three above named rabbits presented from the other controls 


can be explained in the same way; namely, that these animals 
reacted more strongly to the hemorrhage than the others. In 
spite of the loss of blood of all the rabbits, their blood contained 
a higher number of red cells after than before the experiment. 
The effect on the corpuscle volume was also more marked and in 
a negative direction. The effect on the plasma _ phosphates 
varied to a great extent; ¢.g., In one animal the lipoid phosphorus 
increased by nearly 19 per cent. It deserves mentioning that 
the initial number of red corpuscles in the second experiment 
on the same animals exceeded the initial counting in the first 
series by 2.2 to 7.3 per cent. A greater number of comparative 
red counts would, however, be necessary to ascertain whether the 
stimulation of the bone marrow, that we have indicated, lasted 
for such a long period of time. 

We have found that in normal rabbits a loss of about 5 per 





cent of the total blood volume does not seem to stimulate the 
bone marrow to greater activity during the first hours after the 
hemorrhage. It would have been interesting to study the effect 
of the bleeding of animals that at the onset of the experiment 
were anemic and of the effect. of a somewhat proportionally 
larger hemorrhage. Only one experiment of each of these kinds 
is available in our series; namely, Experiments 25 (anemic rabbit 
and 26 (smallest rabbit in all the series, therefore a proportionally 
greater loss of blood). In the former animal all the recorded 
blood changes are to the positive side. expecially the increase 
of the number of red corpuscles and of the lipoid phosphorus ol 


the plasma is noteworthy, but it would be futile in a single case 
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( The most characteristic feature of the low pressure expel 
ments, when compared with the controls, Is &@ constant decrease 
in the former of the lipoid phosphorus of the plasma 

5. It is suggested that the decrease of the lipoid phosphorus o 
the plasma at low pressure indicates an enrichment of the 
thropoietic organs with lipoid material and that this mav be the 


first phase of a stimulation of these organs resulting from a | 


ing of the atmospheric pressure. 
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BLOOD*® PHOSPHATES IN THE LIPEMIA PRODUCED BY 
ACUTE EXPERIMENTAL ANEMIA IN RABBITS. 


Received for a ee a eS 


[It 1 probable that lecithin or a similar phospholipoid is an 
ntermediate step 1n the utilization of fat in animals, since, aside 
Irom the close chemical relationship, it has been shown on the 
one hand that accumulation of fat in the liver in various condi- 
tions Is probably followed by a transformation into phospholipoid 
in the organ (1), that during fat absorption lipoid phosphorus 
increases in the blood 2), and that in diabetic line mia (3 the 
high values for fat are always accompanied by high lecithin 
alues. On the oth r hand phospholipoid has bee! found to 
decrease in blood plasma during the formation of fat in milk 
secretion (4). In general it has been found that wherever there 
are variations in the fat of the blood they are accompanied by 
orresponding changes in the phospholipoid (3, 5 

In continuing the study of the relation of the lipoid phosphorus 
to fat metabolism, it seemed desirable to include a study of other 
phosphorie acid compounds in the blood so as to discover what 


relation, if any, existed between them and the ipoid pl osphorus 
and what form of phosphoric acid combination participated in 
the formation of phospholipoid from fat. Tor the purpose of the 
studv, the lipemia produced by acute experimental anemia 
described by Boggs and Morris (6) was chosen as a beginning 
since this type of lipemia is easily produced in rabbits, reaches 
re markable heights, and has been recently the subject of a study 
with regard to the variations in the blood lipoids during the 
course of the lipemia by Horiuchi (7). Moreover, as the result 

ome experimental work in this laboratory it seems likely that 


} Y 


‘ondition 1s not easily produced in dogs which offers a means 
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of differentiating between changes referable to the lipemia an 
those due to regeneration of blood corpuscles. . 

In the lipemia which follows repeated large bleedings in rabbits, 
Boggs and Morris found total fat vaJues up to 4.5 per cent with 
fatty acids of high iodine value, and increase of lecithin, but no 
cholesterol. Horiuchi found similar high values for fat (total 
fatty acids) in plasma up to twenty-five times the normal value 

1.4 per cent), increases of lecithin up to seven, and cholesterol up 
to eight times the normal values. The changes in the corpuscles 
were relatively much less, at no time rising much over twice the 
normal values for any of these constituents. Horiuchi found 
that the lipemia occurred whether the animal was on a high or 
low fat diet but was produced more readily and lasted longer on 
the high fat. In the work to be reported below a study has 
been made of the same condition from the point of view of the 
phosphoric acid compounds of the blood, both with the idea of 
inquiring into the relation of these compounds to the metabolism 
of fat and also of following the changes in these substances during 
the bleeding, in their relation to blood regeneration. It was 
desirable to find out for example which group of these compounds 
took part in the formation or resulted from the decomposition of 
lecithin and whether the organic phosphorus present in small 
amounts in plasma and in relatively very large amounts in cor- 
puscles bore any relation to the loss of the nucleus in red cells 
during their formation. 

A full discussion of the various phosphoric acid compounds of 
the blood was given in an earlier paper (8) but a short summary 
of the available knowledge on the subject will not be out of place 
here. In blood plasma, phosphoric acid is present as inorganic 
phosphate, as phospholipoid, and in small amounts as an unknown 
form soluble in acids; 7.e., organic phosphorus. In most samples 
of blood plasma the sum of the three—inorganic, lipoid, and 
organic phosphorus—is equal to the total phosphate within the 
limit of error of the determinations. In occasional samples 
another form of phosphoric acid combination is found which is 
insoluble in either acid ammonium sulfate or alcohol-ether, and 
which is probably nucleoprotein. 

In blood corpuscles the same groups of compounds are found 
and again the sum of inorganic, lipoid, and organic is found to be 
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equal to the total phosphate in practically all normal samples 
examined. Nucleoprotein is therefor not normally present 
[In amounts these forms are generally much larger than in thi 
plasma, the organic phosphorus being relatively very large and 
orming the main phosphoric acid constituent of the corpuscles 
Corpuscle values tend to be much more constant than those of 
Jasma and the determination of phosphates in whole blood is 
therefore not to be recommended when ( nough blow d Is availabl 


that plasma and corpuscles may be examined separately. 





The methods used for the determination of the \ arious phos- 
phoric acid compounds have already been described in full (9 
but certain modifications have been found desirable and are 
viven below. Kor reasons noted above, plasma and corpuscles 
were analyzed separately, the separation being made in all cases 
by centrifugation at about 3,800 revolutions per minute for 10 
minutes. 

Total Phosphate.—1 cc. of plasma and 0.048 ec. of corpuscles 
were found to be the most suitable amounts for the determination in 





rabbit blood, in which the phosphoric acid content of the plasma 
is lower and that of the corpuscles higher than in human blood. 
In the digestion the second stage (boiling of the concentrated 
icid for about 8 minutes) has been omitted since it has been 
found that nothing is gained by the continued heating while there 
is a real danger of loss of phosphoric acid either mechanically o1 
by vaporization. Digestion is carried only to the Stage where 
the water is completely driven off, then if the mixture is colorless 

is cooled, sugar added, and then the mixture is treated further 
is directed. If not colorless after the heatings, 1 or more drops 
of the reagent are added as required and the mixture is again 
heated. After the final heatihg the sulfuric acid solution should 
be clear and colorless. In occasional samples a yellowish tint 
persists in the hot solution, disappearing on cooling, which is 
impossible to remove, but since it does not appear to affect the 
accuracy of the results it has been neglected. 

Standards Used.—F¥or plasma 5 cc. of a standard containing 
0.84 mg. of HsPO, in 100 ec. of solution; for corpuscles 5 ce. of a 
standard containing 0.6 mg. of HsPO, per 100 ce. (see note on 





standards below). 
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Lipoid Phosphate.—In normal rabbit plasma, alcohol-ether 
extract corresponding to 0.9 ee. of plasma was required, To 
obtain this amount 3 ce. of plasma were made up in 50 ec. of 
alcohol-ether as directed and 15 ec. used for the determination. 
As a standard 5 ec. of a solution containing 0.36 mg. of H,PO, 
per 100 cc. were used. In many cases a weaker standard (0.24 
mg.) 1s desirable. 

In normal corpuscles the sample taken corre sponded to 0.18 


Ol corpuscles Ith LO ec. of a] ‘ohol ( ther ePXTrTACT See NOTE below 





on corpuscle solutions). lor a standard, 0.6 mg. of H PO, in 
100 ce. was used. 

Leid-Soluble Phosphate Total) Acid-Soluble Phosphate lor 
plasma 5 ee. of extract corresponding to U.b ce, Ot plasma have 
been found most suitable with a standard of 5 ec. of solution con- 
taining 0.456 mg. of H;PO,4 per 100 cc. (properly adjusted as to 
alt content, et In the digestion with H.SO,-HNOz, the sugar 
treatment has been found unnecessary and has been omitted. 

lor corpuscles 2 cc. of extract corresponding to 0.0384 ec. of 
corpuscles have been used with a standard containing 0.36 mg. 
of HsPO, per 100 ee. of solution. 

Inorganic Phosphate.—F¥or plasma 2 ec. of extract correspond- 
ing to 0.24 cc. of plasma were used with 2 ec. of a standard con- 
taining 1.2 mg. of HsPO, per 100 ce. 

Corpuscles.—-The determination of inorganic phosphate in 
rabbit corpuscles has been found somewhat unsatisfactory. 
Values are widely variable and in one case (Rabbit B) protein 
was not completely removed by the acid ammonium sulfate. 
There is also uncertainty as to what extent the organic fraction 
is decomposed during the treatment, giving incorrectly -higher 
values for inorganic phosphate. However, results are given of 


the determinations, which are at least of comparative value. 


Ordinarily 2 cc. of the extract, corresponding to 0.096 ec. of cor- 


: puscles, were used with 2 ec. of a standard containing 1.2 mg. of 
H.PO, in 100 ce. 
Standard ; (‘orrection ie) thi nepl ( lo nevric readings has 


been found unsatisfactory and, in order to avoid the necessity of 
correction, a variety of standard solutions has been used. By 
selecting a standard solution not more than 30 per cent stronger 


solution to be measured the need for correc- 


the 
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tion is avoided. The standards are conveniently made up i 
100 ce. portions containing phosphate and salts as belo be 
total and lipoid phosphate in plasma and COrTpuUst les standard 
containing 0.84, 0.6, 0.36 mg. of H»ePO, in 100 « vere used 
In making these standards the phos yhate olution is m« 


into a 100 ce. graduated flask, alkali equal to four tim 





mount used in neutralizing a single digestion mixture, ordinat 

IS ec., is added, then 4 drops ot O16 pel nt. phenolp!l 

re added, after which the solution is titrated to neuty 

he 1:1 sulfurie acid In order to prevent the growth of moul 

bout 12 drops more of the acid are added, the solution is cooled 

ind made to the mark Vioulds grow slowly in the neutral solu- 

tion and soon remove most ol the phosphat Tron t Add ti 
excess acid as above has been found to prevent their growth 

in all but an occasional Instance. If mould is detected the 0 


tion must be thrown out and a new standard made 

l'on acid-soluble phosphate In plasma, standards OnvLalning 
0.24 and 0.36 meg. of phospl oric acid per 100 ce. were used In 
making these solutions the phosphate is measured into a 100 


graduated flask, 8 drops of the phenolphthalein solution, 20 


of the alkali, and IS ce. of the acid ammonium sulfat il’é ied 
ind the solution is titrated to neutrality 12 more drops of acid 
are added and the solution ls cooled and Lele nm to the 


\loulds do not grow in this solution. 


iy 


] 


For acid soluble phosphate in corpuscl S, standards containing 
0.36 and 0.6 mg. of Hz:PO, were found to cover the range of values 
found. In preparing these standards the phosphate is measured 
into the graduated flask, 8 drops of phenolphthalein, 8 ce. of 
acid ammonium sulfate, and 18 ec. of the alkali are added, the 
solution is neutralized, and 12 drops of extra acid are added as 
before. The solution is then cooled and made up to the mark. 

For inorganic phosphate in both corpuscles and plasma the 
standard as recommended (9) was found suitable except that, 
since 5 ec. of the standard and test solutions gave suspensions too 
concentrated for accurate reading, 2 cc. of each were used. 

For these determinations and for nephelometric work in gen- 
eral, exactly parallel conditions in composition of solutions, time 
of standing after addition of reagent, temperature, amount of 
shaking, etc., must be preserved. It is desirable to establish a 
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routine procedure which should be as closely followed as condi- 
tions will permit. 

Sampling of Corpuscles.—In experiments which involve exten- 
sive bleeding, as in those described below, where the percentage 
of corpuscles falls to a low level it is necessary to practice some 
economy so as to get enough material to complete the various 
analyses. The following scheme has been found satisfactory for 
rabbit blood: 3 ec. of the separated corpuscles are measured 


‘ 


into a 10 ce. graduated flask, the pipette Is rinsed out, and the 


washings and warm water are added to fill the flask to the mark. 


The whole is well shaken. \fter standing for at least 10 minutes 
for hemolysis to take place (in the ordinary routine from 4 to 1 
hour is allowed) and after again shaking, 4 ce. of the mixture are 
measured into acid ammonium sulfate in a 25 ce. flask for deter- 


minations of inorganic and acid-soluble phosphate. 3 cc. are 
measured into alcohol-ether for determination of lipoid phos- 
phate and 2 ce. into water in a 25 ce. flask of which, after filling 
to the mark, 2 cc. are used for total phosphate. 

Direct determinations were made of total, lipoid, inorganic, 
and acid-soluble phosphate. Organic phosphate Is found hy 
subtracting Inorganic from acid-soluble 

The rabbits used in these experiments were on their ordinary 
diet of alfalfa and rolled barley which is a diet low in fat although 
containing more than the low fat diet used by Horiuchi Blood 
samples were taken from the marginal ear vein approxim itely 


10 per cent ol the blood volume (ealeulated as 8 per cent of the 


body weight being taken daily. If the animal is previously 
exercised until the eeneral circulation is stimulated and then the 
ear massaged a free and rapid flow of blood is obtained, vielding 
the desired amount in a few minutes. Clotting was prevented 
by the use of | per cent ol saturated sodium citrate Che bleed- 
ing was continued daily until a satisfactory lipemia was established, 
then less frequently and taking only enough blood to follow the 
conditions during recovery. About 15 ec. of blood were required 
to furnish material for a complete analysis. Results are given 
in Table I. Six animals in all were studied of which complete 
reports are given of two while the others giving similar and less 


striking results are reported more briefly. 
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rABLE I—Concluded, 
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DISCUSSION. 
Lipoid Phosphorus. 


The most characteristic change is in the lipoid phosphorus. 
In the plasma it is always very much increased (up to five times 
its normal value), while in the corpuscles the increase is less 
marked, in only three cases rising to over twice the normal value. 
In the plasma the highest values for lipoid phosphorus are gen- 
erally found at the height of the lipemia and diminish as the 
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visible milkiness of the plasma diminishes. But even when the 
plasma has become clear, high values for lipoid phosphorus per- 
sist for some days. In the corpuscles the highest values for 
lipoid phosphorus are not generally reached until some time after 
the height of the visible milkiness, or even after the plasma has 
been clear for a time and the values do not become normal until 
some days after the plasma values have become normal. 

The plasma begins to show milkiness at about the time the 
blood corpuscles are reduced to half their original number. This 
generally persists throughout the period of low corpuscle values, 
although in one case the plasma cleared after the first milkiness 
although the number of corpuscles was lower than when milki- 
ness first appeared. 

It was found in earlier work (2) that lipoid phosphorus increased 
in the blood corpuscles during absorption of fat in dogs, and it 
seemed likely that the corpuscles took an active part in fat 
metabolism by the transformation of fat into lecithin.’ In human 
anemia (Bloor and MacPherson (5)) it was found that abnor- 
malities in the blood lipoids were present only when the blood 
corpuscles were reduced to below half their normal number, the 
abnormalities being ascribed to inadequate functioning of the red 
blood cells, due to their reduced number. In the results given 
above, increase of fat and its metabolites is found associated with 
low corpuscle values. Whether the same explanation holds—that 
the disturbance in fat metabolism, which shows itself in the lipemia, 
is directly the result of the inability of the smaller number of cor- 
puscles to perform this function in fat metabolism—or whether the 
lipemia is indirectly connected with the corpuscles in some other 
way, must be left for future work to decide. The results obtained 
in the work on the above type of lipemia indicate again, however, 
the probability of a participation of the corpuscles in the metab- 


olism of fat. 


' Further unreported work in this laboratory has not, however, entirely 
borne out these findings, since certain dogs have been found, in which the 
increase of lipoid phosphorus teok place in the plasma and not in the 


corpuscel Ss. 
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Inorganic Phosphorus. 


Plasma.—In Experiment A, with strong lipemia, inorganic 
phosphate increased to twice the normal value and remained 
high throughout. In Experiment B, also with marked lipemia, 
the inorganic increased, but not to more than 50 per cent above 
normal values. In Experiment C, with mild lipemia, increases 
of 70 per cent were found while in Experiment E, phosphate 
first diminished and then increased above the original value. 
In Experiment F, with mild lipemia, the inorganic phosphate 
diminished. In this case, however, it was unusually high to start 
with. 

It thus appears that in severe lipemia increases of inorganic 
phosphates are to be found, while in the mild lipemia a slight 
increase or a decrease may be present. In none of the experi- 
ments was a parallelism between inorganic and lipoid phosphate 
to be noted. In a study of fat formation during milk produc- 
tion, Meigs and coworkers (4) found that with the decrease of 
lipoid phosphorus in the blood during its passage through the 
mammary gland there was a corresponding increase in inorganic 
phosphate resulting from the setting free of phosphoric acid from 
the lecithin in its change into fat. In cases where there was 
much increase of lecithin, as in the above, one might expect a 
decrease in inorganic phosphate in the plasma. Instead, there 
is found an increase. Inorganic phosphate in plasma must be 


subject, however, to constant change; loss through the excretions, 


and addition from food or from phosphate stores, and the same 
cause which produced an increase of lipoid phosphate might 
also act to increase the inorganic phosphate, either by retention 
or by supply from the stores, in order to provide the material for 
formation of lecithin from fat. 

Another reason for expecting low rather than high values for 
inorganic phosphorus in the plasma is the formation of new 
blood cells, which are relatively very rich in phosphoric acid 
compounds. Diminution of inorganic phosphorus has actually 
been found in cases of a single withdrawal of blood (10). The 
same reasoning might be applied in this case as in the above 
that with increased demand there is increased supply, and, as is 
usual in living beings, the supply is in excess of what was origi- 
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nally present. The only case in which the plasma values remained 
below the beginning value was in Rabbit F, where the beginning 
level was unusually high. 

Corpuscles—In the experiment with Rabbit B, the acid 
ammonium sulfate did not completely precipitate the protein of 
the corpuscles, hence the values of inorganic phosphate are 
doubtful. In all other cases protein was completely removed so 
that the figures given are probably correct. In Experiments A 
and B, with high lipemia, the inorganic phosphate increases more 
or less parallel with the lipoid phosphorus. In Rabbit C, with 
moderate lipemia, inorganic increased but irregularly. In 
Rabbit I, it diminished; in Rabbit F, it diminished slightly. 
It thus appears that unless the lipemia is marked the changes in 
values for inorganic phosphate in the corpuscles are slight or 
negative, while with marked lipemia the inorganic phosphate 
increases more or less parallel with the increase in lipoid phos- 
phorus, and both are closely bound up with the appearance 
of the lipemia. An examination of Table I will show that in 
most cases high values for inorganic phosphorus in the corpuscles 
are accompanied by high values in the plasma, but there are 
many exceptions and nothing like a parallelism can be observed. 

These results bring into discussion the whole question of the 
presence of free phosphates in blood. Taylor and Miller (11 
found only traces which confirmed the earlier observation of 
Giirber (12). No water-soluble phosphate is extracted by the 
treatment of blood with alcohol-ether in the determination of 
lipoid phosphorus above, although phosphoric acid and water- 
soluble phosphates are measurably soluble in that solvent. In 
the results given above, there is rarely to be observed a balance 
or parallelism between inorganic phosphate in plasma and cor- 
puscles. In rabbit as in human blood, the inorganic phosphate 
in the corpuscles is generally much higher than in the plasma. 
These observations render improbable any free exchange by 
diffusion of phosphate between corpuscles and plasma, such as 
would be expected if phosphate were present in the free form. 
On the other hand, Greenwald (13) and later Feigl (14), by 
treatment of the blood to remove protein with hot trichloro- 
acetic acid, and the writer, by faintly acid, saturated ammonium 


sulfate, were able to get protein-free extracts which undoubtedly 
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contained free phosphate. Whateve object 

to the use of hot trichloroacetic acid as being 

unstable organic compounds of phosphoric 

as regards the cold treatment with the mil 

sulfate and the inference is that inorgani 

present in the blood although not in a \ 

form. As was pointed out previously, ther 

and magnesium in blood to combine with a 

ent, and at the prevailing reaction of the blood to fe 

compounds with it. Anothe: explanation which Is 

modern ideas is that the phosphate is combined 

tein in such a way as to hinder or prevent 

When the blood is deproteinized with reag 

dissolve phosphate—as with either of 

tioned above—it is loosed from its protein combination 
passes into solution. The fact that acid reagents dissolve phos 
phate while neutral reagents, as aleohol-ether, do not renders it 
probable that the phosphoric acid is present in a form insolubl 
in neutral solvent—as would be the case if combined with calcium 


or magnesium or with protein at the prevailing reaction of th 


blood 


ie 


Attention may be called to the fact that the amount phos 


oreatel 


phate passing through the blood plasma daily is much 


than the amount constantly present. Thus the normal humar 


} 


being will excrete and normally consume with the food about 
3 gm. of H3;PO, per day, while the amount present in the whol 


blood plasma would not be more than about me-elighth that 


imount. 


Oraani Phosphor 


s—Organic phosphorus in corpuscles is subject i 
general only to small and irregular variations, indicating that 
this constituent is constant in the corpuscle from the time of 
formation, even under the stress of severe hemorrhage. The 
amount is also remarkably constant for all the animals reported 
here. The same may be said of the values obtained from a study 
of rabbit blood for another purpose, which included the examina- 
tion of about twenty normal rabbits (10). Organic phosphorus 


in this amount appears to be characteristic of rabbit corpus- 
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‘les. In the series reported above, notably in the case of 

Rabbit I and, to a certain extent, in Rabbits C and F, values of 

‘20 per cent above the beginning values are found, but these 

only to emphasize the stability of values for this con- 

Low values are practically never found, and the high 

values may come at any time in the experiment after the anemia 
is established. 

Plasma.—Organic phosphorus in the plasma is subject to great 
and irregular variations, so that very little can be said about it. 
[In general, values are reached in the course of the bleeding which 
are much higher than those found at the beginning of the experi- 
ment. On the other hand, very low values are also found. No 
relation can be discovered between this constituent and the 
lipoid fraction, on the one hand, or the inorganic fractions, on 


the other. Normally, organic phosphorus has been found in the 


plasma of all the animals examined. During bleeding, it gen- 


erally increases, but may disappear altogether at times, as In 
Rabbit B. It is possible that this constituent is connected on 
the one hand with the loss of the nucleus in the red cells, and 
with the presence of organic phosphorus in urine on the other. 
Vucleoprotein, Ete-——In the normal animal, the sum of acid- 
soluble Inorganic and organic and lipoid phosphorus is about 
equal (within the limits of error of the determinations) to the 
value of the separately determined total phosphate, so that the 
presence of notable amounts of other combinations of phos- 
phorus—as, for example, nucleoprotein—is doubtful. In the 
course of the experiments it will be noted, however, that the sum 
these fractions in both corpuscles and plasma is generally 
the value for total phosphates and sometimes markedly 


; 


and it is therefore probable that some nucleoprote! 
during the anemia. 

On the other hand, the sum of acid-soluble and lipoid some- 
times gives a value notably higher than the total phosphate, 
which would indicate at those times some overlapping; l.€., 
some unusual substance is present which dissolves in both the 
acid ammonium sulfate and the alcohol-ether. 

scle Volume during Hemorrhage.—lIt is well known that 
anemia corpuscles irregular both in shape and size appear 


“7 Hy 


nd the abnormality in size is well illustrated in Column 5 of 
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Table 1. The value ‘“‘Corpusecle volume’”’ was obtain 


ing he percentage volur 1c of the corpuscles 


h 


hematocrit by the number, as ol tained 
example, in 1 ¢.mm. of blood, the number of 
from the count while the volume which th 
c.mm. represented by the perc 
] 


] ] 
bons, and & corpusceie percent 


. . , 
the individual 


corpuscle would | 31°5.000.000 
C.nun \s may he seen from thi 
corpuscle volume invariably rises during 
bleeding. sometimes to over 50 per cent al 


volume. As recovery takes place, the volum« 


level for the animal or below it. Whether 
due to swelling of normal corpuscles, or whether son 
corpuscles are abnormally large when formed cannot be defi 
determined from the data at hand, but the relative constane 
the value for organic phosphorus would indicate the latter. 

Is there anything in the composition of the corpuscl $s to 
cate whether they are young 01 old? Masing 1 ; 
results of similar experiments on rabbits and gees 
opinion that the lipoid phosphor s content of the ervthrocytes 
may be taken as a criterion of the age of the cells. In the work 
above the most marked difference between the composition oO! 
the corpuscles at the beginning and during the experiment, 
which might be taken as a criterion of the presence of newly 
formed corpuscles, is in the lipoid phosphorus content, which 
always rises during the hemorrhage and is the slowest of all con- 
stituents to return to normal values. The next most notable 


constituent is the organic phosphorus fraction, which also gen- 


erally rises during the anemia. The increase above 


values of this constituent is, however, relatively small ai 

ular. Whether these changes are due to the lipemia or are re 
able to the newly formed corpuscles cannot be stated. Present 
evidence on the dog indicates that in this animal, which appar- 
ently does not develop lipemia from bleeding, neither of these 
constituents is affected. which would lead one to the conclusion 
that changes in these values in the rabbit 


lipemia. 
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While no exact relation has been found between the lipoid 
phosphorus and the other phosphorus compounds of the blood, 
it may be seen that in severe lipemia there is a marked increase 
of both inorganic and lipoid phosphorus in both plasma and 
corpuscles. Slight changes in lipoid phosphorus are not accom- 
panied by corresponding changes in inorganic phosphorus. 


SUMMARY AND CONCLUSIONS. 


Of the phosphoric acid compounds of the blood, the one most 
markedly affected by anemia and consequent lipemia, is the 
lipoid phosphorus. Values up to five times the normal have 
been found in plasma, and to twice or over the normal value in 
the corpuscles. 

When the hpoid phosphorus is markedly above normal in 
either plasma or corpuscles, there is an accompanying increase of 
inorganic phosphate, but no corresponding change in the other 
forms of phosphorus. Inorganic phosphorus thus appears to be 
the form most directly related to the lipoid phosphorus. 

Organic phosphorus in the corpuscles remains remarkably 
constant throughout the experiments, the changes noted being 
relatively small, so that this constituent in the amounts noted 
appears to be characteristic of rabbit corpuscles from the time 
of formation. Organic phosphorus in the plasma varies greatly, 
sometimes being entirely absent. It generally increases during 
the bleeding. 

Che only form of phosphorus which is ably higher in newly 


formed corpuscles than in older ones 1s the lipoid phosphorus 


Whether the higher values are characteristic of voung corpuscles, 


or are due to the line mia, cannot be stated. 
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HEMATO-RESPIRATORY FUNCTIONS. 


VII. THE REVERSIBLE ALTERATIONS OF THE H.CO,: NaHCO, EQUI- 
LIBRIUM IN BLOOD AND PLASMA UNDER VARIATIONS 
IN CO, TENSION AND THEIR MECHANISM. 


sy HOWARD W. HAGGARD anno YANDELL HENDI 
P} 


It has been universally assumed that alterations of the gaseous 
and acid-alkali equilibrium of blood under the influence vari- 
ations in the tensions of Oxygen and COs are readily and complete ly 
reversible. The simplest conception Ol the process inv 
as follows 

Hydrogen «ltl 

plasma | thie rp ‘| In response 
blood makes the round of 
plasma is released from 
eomes to the tissues: and this 


passes off in the lungs. 


nd the concentration of H.CO 


th more Is displaced; and In the proportion ePXD! 


(CO. dissociation curve, the more NaHCO: is formed. 


1] 


follows rrom this that the tension ot (‘() 


at the corpuscles are centrifuged off 
dependent upon that of the whole blood 
the quantity | kal irbonate in the plasma. Lhe power Ol 
sé parated plasma to vary its content of bicarbonate through the 
mediation of its proteins although vrentel than that of a mere 


solution of Na HH (),. is mue SS mn that o whol lood. 
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This in brief is the present state of knowledge (2-5). 


Some investigators (6, 7) have recently inclined to the view 
that hemoglobin itself is the principal CO.-transporting agent. 
The evidence indicates, however, that hemoglobin, at least when 
in unlaked corpuscles, plays its part chiefly by absorbing acids 
and thus unmasking alkali from neutral salt to form bicarbonate. 
It is this action of the corpuscles which enables the plasma to 
transport CO... Probably also the same reaction occurs in respect 
to the fluid within the corpuscles since, under variations of CO. 
tension within physiological limits, and apart from the influence 
of oxygen, the corpuscles in normal blood take up and give off 


again (7n vitro) an amount of CO. of about the same order of 


magnitude as an equal volume of the plasma. 


We here intentionally avoid the question as to whether hemoglobin 
acts in the blood as an acid or asa base. We have therefore made use of a 
phraseology, e.g. ‘‘acid-concealing power, HCl load, and alkali-producing 
capacity of the corpuscles,’’ compatible with any intracorpuscular mech- 
anism—whether it finally turns out that hemoglobin acts by adsorption, 
or by chemical combination, as an acid or as a base or both 

If at the Cu prevailing in normal blood hemoglobin acts as an acid, as 
present theory seems to indicate (8), the absorption and concealment of 
HCl by the corpuscles may consist in some such reaction as: Hb.B + HCl 

Hb.H + BCl. If on the contrary it acts as a base then presumably 
Hb.OH + HC] HbCl + H.O or else Hb + HCl Hb. HCl. It is cer- 
tain, however, that it is not alkali hydroxide, but acid (chiefly HCl) which 


passes in and out between corpuscle and plasma. 


Present information and variety of opinion on this and related topics 
may be seen in the papers of Davies, Haldane, and Kennaway (9), Gray 


10), Joffe and Poulton (11), Campbell and Poulton (12), Dale and Evans 


13), and Mellanby and Thomas (14). All these papers reached us after 
our own were ready for press. Many of the observations of these writers 


gree, but one paper (14) disagrees decidedly in its interpretation, with 


he peculiar feature of our discussion is that we have thought of 
blood as a system which, when it has no tension of CO., contains no alkali 
bicarbonate. Starting from this assumption (verifiable by the experi- 


ment of evacuating the blood in a vacuum) we are justified, we think, in 


treating any NaHCO; which occurs in blood as called forth by the existing 


tension of CO, by action on the corpuscles. 


Thus hemoglobin is almost as essential for the transportation 
but iL 


of CO. by blood as it is for the transportation of oxygen, 


modes of action in relation to the two gases are quite different. 
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The following experiments illustrate the reversible reaction 
under the influence of COs. They will serve us as a background 
for dealing in succeeding papers with an irreversible alteration 
of the CO, ratio, and its bearing upon the interaction of oxygen 
and CO» in blood and upon hemolysis. Our experiments on these 
topics are published now, not because we can as vet fully explain 
the phenomena, but because of the interest which this general 
field of work is exciting, and because investigators unaware of 
this peculiar irreversible effect may be led to quite erroneous 
conclusions regarding some phases of the hemato-respirator 
functions. 

The normal reversibility of the CO.-alkali equilibrium may 
be illustrated as follows: 


Experiment 1.—Blood was drawn through a cannula from the 
artery of a dog under local anesthesia with cocaine, and was delivered 
mineral oil in a test-tube, where it was mixed with 0.005 gm. of ar 
oxalate per CC.; t.€é., 0.5 per cent 

It was divided into two sampl s which were treated as follows 

Sample A was equilibrated at 37°C. with air containing 70 mn 
\ part was then analyzed for its CO. content. The remainds 
sample was then equilibrated with 40 mm. of CO, and analyzed. 

: : 


Sample B was equilibrated in succession wit 


but in reverse order 


As long as a plasma forms part of a normal blood and is 
contact with its corpuscles its content of bicarbonate rises and 


falls, within physiological limits of CO, tension and apart fron 


L Li 


4 


the oxvgen effect. in close paralle] with the CO. content; that is, 


with the dissociation curve ol the whole blood. \bove normal 


limits of CO, tension the plasma takes up less than its share of 
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CO. content, and further absorptions of 
aside from mere solution, : effected almost wholl 
corpuscles 

from any blood there may be obt 
iried bicarbon ite content and eac 
separation from the corpuscles, its own particular form of 
that is, its own dissociation curv The plasma protein 
evidently able to function like the « scles in providi 
but less effectively. Thus there is a 
vithin certain limits of CO. tension 
whole blood when normal, but n 
is obtained by centrifuging the 
ind analyzing the plasmas tl 
plasm is whe n exposed tO VATLOUS 
from corpuscles has a curve of its own, and (; is been show! 
previously by Hasselbalch and Warburg (15)) these secondary 
curves are flatter than the primary curve and cross it at the CO», 


sions at which the blood was ee ntrifuged 


It is here seen that, within the limits of the experimental con- 
ditions, the CO. content of the plasma has a constant difference 
from the COs content of the whole blood from which it is separated, 
and that the bicarbonate content of the plasma is controlled by 
the CO, tension in the blood at the moment of separation. In 
blood drawn from various individuals (dogs) we find that the 


plasma-blood difference has various values, the figures for the 
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plasma being sometimes lower and sometimes higher than for 


the whole blood rut all normal bloods the \ » of relatior 


here shown holds true; that is, within physiological 


limits of 


] 


pl istna blood difference Is nearly constant. This 


seems to indicate that, apart from the change in 


COs tension the 
volume 
plasma 


corpuscle S ind apart trom the oxygen effect 


COrpuse ful il] mode rate tensions of ©0) tak 


absorption and lease €* . This 


normal resting bl Blood is easily 


veraeration in the proce 


for example 
gaseous evacuation, and similar treatments 
versible effect described in sucteeding papers. 
In the next two experiments it will be seen that the plasma n 
eet 


only varies in its COs. content according to the tension of 


at which it is separated from its corpuscles, but also that when 
these plasmas all from the same blood—are equilibrated with 


various tensions of CO. each has its own dissociation curve 


Experiment 3.—Oxalated dog blood was divided into three 
which were then equilibrated with air containing CO, at 21 
respective ly at 40°C 1 cc. of each was analyzed and 


each was centrifuged The plasmas from the first and 
was lost were then equilibr ited with CO. at 21 1). an 
, results obtained (after subtraction of 


min 


Oxalated dog blood was 


the previous experiment. The 


The amount of combined ¢ 
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Sample A. 


volumes per 
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Fic. 1, From the data of experiment 4. 





° } . - ww, 
The limit of the plasma-corpuscle interplay of chlorine ts shown 


in the next experiment. Here the 


passage of chlorine into the 
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corpuscles and the unmasking of sodium in the plasma to form 
NaHCQ, is seen to become inadequate between 74 and 140 mm. 
of CO.. The curve for the whole blood and that for the plasma 
then become divergent, and the difference between the CO, 
contents of blood and plasma increases. The plasma at such 
tensions would do much less than its share in the transportation 
of CO... Up to 74 mm., the relation formulated in connection 


with Experiment 2 still holds true, however. 


Experiment 5.—Oxalated dog blood was divided into four portions, 
which were equilibrated separately with tensions of CO, of 42, 74, 140, 
and 360 mm. CO respectively Part of each was analyzed: and the remain- 


der was centrifuged and its plasma analyzed. The results were as follows 


Combined CO, of whole blood 
CO, “ plasma 


Difference between blood and plasma 


Experiment 6.—Oxalated dog blood was divided into seven samples 


and equilibrated at 40°C. at the tensions of CO, shown in the table A 


part of each sample was analyzed directly and the remainder centrifugal- 


ized under oil and its plasma analyzed. 


ion at 40°C 


210mm.'/360mm.'/440 mn 


, ‘ , 
per cent|per cer 


Whole blood 30 42 54 
Plasma 34 16 56 ) 61 


rom Experiment 6 it appears that when blood is exposed to 
increasing tensions of CO, the amount of alkali produced in the 
plasma reaches a maximum between 72 and 146 mm. and that 
the amount of CO, combined by the corpuscles reaches its maxi- 


mum somewhat below 440 mm. 
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urve and 


Lhe parallelism ol the primary plasma Curve 
| changes 


that, under the influence ot 


] 
1) 
} 


bloc means simny 
‘eCHnTrAation Of} 


Slon but with unitorm oxvgen the COTM 
arbonate rises and falls equally in rpuscles 
plasma surrounding 


pUSCIOS 


eCXpPeriiye 


as having 


ad 
corpuscles a certain 

its environmen corpuscles 
menarbonate around 
ri In ( Os tensio 


, Hhonee of 1 , 
Infiuence OF var1lations 


the plasma alkali is determined analysis 
fundamentally the alkali-producing power « 
ble Olt i} 


he load of HC] which they 


hext paper, ¢ 
certain tens eertain ann 


I] md lc ynount 
] ] 
Dim a NOMA Sane Soi l ie 
hemoglobin endows the blood 


larger than the 


The enormous buffer valt 
With a potential alkaline reserve which is miu hy 
The plasma alkali represents mere lv that fraction 


lt Ol 


plasma alkali. 
Ikahi-producing power WV hich is ea it a certam 
and ¢ 


led mto Ise 


(‘() concentration of HoCO 





extent. howeve1 
thus provide 
| to form bi 
reformed fron 
PpiasmMAas OF W1deL 


nding upon the tensio 


plasma 
whol here exemplified 
f normal blood from a resting animal is that varia 
tension (in the presence ol ample oxvgen) call nearly 
same increase of alkali into use in unit volume of the blood 
In unit volume of its unseparated plasma. Thus the bieart 
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re loaded with HC] is indicated by the 
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Hemato-Respiratory Functions. VII 
The condition underlying the variations in this quality of the 
corpuscles will be considered in the next paper 
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It is shown in the preceding paper that the alkali of the plasma, 
chiefly NaHCoOs, is not an independent property of that fluid, 
but is controlled and determined by the corpuscles. From this 
it follows that when a figure for the plasma alkali, for instance 
10, 55, or 70, is found by analysis, its significance for the blood 
lies in large part in what it tells of the quality of the corpuscles. 

In this paper we shall report experiments which throw some 
light on this quality of the corpuscles. What are the conditions 
which determine why owe blood, when equilibrated with a certain 
tension of CQO, (for instance 40 mm.), develops a plasma alkali of 
10, while another blood at the same tension develops 55, and a 
third 70? The experiments given below indicate that one of the 
conditions in question is the extent to which the corpuscles are 
loaded with HCl. 

It will here appear that the amount of alkali developed in the 
plasma of any blood equilibrated to 40 mm. of CO, tension is an 
index of the extent to which the corpuscles have been previously 
depleted of alkali-producing power. If they are heavily loaded 
already they can take additional HCl less readily, and thus develop 
less alkali in the plasma than if previously only lightly loaded. If 
on the contrary the load of the corpuscles is artificially decreased, 
by the treatment described below, they will then take HCl more 
readily and thus produce a higher plasma alkali than they were 
previously able to do. Thus, as we shall show, any corpuscles 
may be made to furnish any plasma alkali. 
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The underlying reasons for this behavior of corpuscles are 
probably to be found (1) in the capacity of hemoglobin to com- 
bine with large amounts of acid, or alkali, under slight change 
of Cyt her words its extraordinary buffer value 
the tendeney of normal corpuscles to maintain wit! 
limits the same Cu, or at least the same difference of 
fluid around about them and in their own intrinsic 
variations of COs tension. 

To Zuntz (1) and to Hamburger (2) we owe the cleat 
4] 


tion and demonstration of the fact that under the in 


“eT 
CQO. there is a passage of HCL between plasma and corpuss 
Giirber (3), Van Slyke and Cullen (4), and 
proved by chloride analyses that th unount 
from NaCl and passing into the corpuscles corresponds to the 
greater part of the amount of alkali bicarbonate produced. 

Starting from this point, our experiments show the really 
enormous amounts of HCl which the corpuscles are capable of 
taking up under slight increase of the CO. ratio and Cy. These 
observations illustrate the effectiveness with which the cor- 
puscles stabilize this ratio (HeCOs;: NaHCO and therefore the 
Cu, in the plasma. The conception of the ‘‘HCl load of the cor- 
puscles,”’ here introduced, suggests that the real source of the 
alkali of the plasma is not the alkali of thee food, but the NaCl of 
the blood. It follows from this conception that, for instance, if 
two plasmas, separated in both cases under 40 mm. of COs, show 
CO. contents respective ly of 50 and 60 volumes per cent, the 
HCl loads of the corpuscles in the two cases must differ by an 
amount very much greater than a quantity of HCI which would 
correspond to 10 volumes per cent of CO.. From this concep- 
tion we may safely infer that when the body is striving to eall 
alkali into use in the plasma through depressed breathing and 
acidosis, or to cause alkali to disappear through acapnia and 
alkalosis, the variations induced in the HCI load of the corpuscles 
must be very large indeed—much greater than analyses of plasma 
CO. would directly indicate. 

The method of experimentation was as follows: Samples of 
oxalated dog blood were equilibrated with various tensions of 
CO. and the plasmas separated by the centrifuge. The cor- 


puscles were then washed once with normal saline solution (0.9 
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per cent NaCl solution with no tension of COs), recentrifuged, 
and then made up to the original blood volume with fresh saline 
solution. The resulting suspension was thoroughly mixed, and 
was then equilibrated with COs. at various tensions. Finally 
the saline solution was separated from the corpuscles by means 
of the centrifuge; and the bicarbonate which had been formed 
in the saline was determined. 

All the operations of equilibration, centrifuging, and analyzing 


were carried out at a summer room temperature of 30°C 


1) Blood equilibrated with Another sample of samy 
11 mm. CO. and cen- blood equilibrated 
trifuged. with 712 mm. CO 

and centrifuged. 
Its plasma at 41 mm Its plasma at 41 mm 


2) Corpusel from Al 2) Corpuscles (from BI 
washer mixed with washed, mixed with 
saline, and equilib- saline, and equilib- 
rated ith 41 mm rated with mm 
Ci. COs. 

Corpusel » su Corpuscle-saline suspen- 
sion 3 sion 
Saline et I fi e tt ) Saline centrif iged on 
( rpuscle- }) The same corpuscle- 


iline suspension (as saline suspension 


\2) equilibrated at B2) equilibrated 


712 mm, CO, and cen- 712 mm. CO 
centrifuged 
at 41 mm. This saline at 41 mm 
CO) 1) 


125 120 


In Experiment 1 it is to be noted that (in Samples Al and A2 
the figures for the alkali called into use by these corpuscles at 
fl mm. of COs in the natural plasma and in a saline solution are 


‘ 


nearly the same; namely, 48 and 46 volumes per cent of COs, 
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Note that similarly (in Samples A3 and B1) equilibration at 
712 mm. of CO» also calls into use nearly the same amount of 
alkali from natural plasma and from saline; namely, 77 and 80 
volumes per cent of COs, 

Note on the other hand that after the corpuscles have received 
an increased load of HC] under the influence of a high tension of 
CO» (as in Sample Bl) their power of calling alkali into use is 
diminished, for example from 46 (in Sample A2) to 29 (in Sample 
B2) and from 77 (in Sample A3) to 40 volumes per cent (in 
Sample B3 

We have found in other experiments, in which the CQO, dis- 
sociation curve of whole blood was determined up to very high 
tensions (700 mm. and over that above certain limits no 
more alkali Is called into use, and additional COs is taken up only 
in simple solution (see Experiment 6 of the preceding paper). 
Krom this it might be supposed that the total alkali-producing 
power of the corpuscles had been called into use, and that the 
combined CQO. at, for instance, 450 mm. could be taken as a 
measure of It. ' 

But from experiment | it appears that such is not the ease; for 
the same corpuscles which (in Sample B1 produced an alkali of 80 
in their own plasma at 712 mm. had still the power to produce 
considerable additional amounts of alkali in saline (Samples B2 
and B38). Evidently the alkali-producing force is balanced against 
the alkali (or the ¢ H already in the fluid, either plasma or saline. 
Quantitativel) there are discrepancies in our data from whole 
blood, in the preceding paper, and from  corpuscle-saline 


suspensions, 


Kxrperiment 2.—Blood (from same dog as in Experiment 1) equilibrate 
with 712 mm. of COs, and centrifuged as in Sample B of Experiment 1 

The corpuscles were then mixed with saline to which a small amount 
odium bicarbonate had been added The suspension was then equ lib 
ated with 41 mm. of CO, and centrifuged 

Saline-bicarbonate solution at im. CO, before addition of corpus 


19 volumes per cent CO 


Saline-bicarbonate solution after centrifuging =10 volumes per cent 


BR 


Sample A. Arterial blood centrifugalized. 


Plasma bicarbonate at 41 mm. 36 volumes per cent CO 
Sample B. The corpuscles (from Sample A) mixed witl 


ulibrated with 41 mm. CQ,. 
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Saline centrifuged off at 41 mm. = 33 volumes per cent CO 
Sample C, The corpuscles (from Sample B) were again mixed wit! 
aline, and again equilibrated to 41 mm. CO», and centrifuged. 


This saline at 41 mm 28 volumes per cent COs. 


Sample D. The cor ‘les (from Sample C) were mix 








third time, equilibrated to 712 mm. COs, and centrifuge 


his saline at 41 mm. 54 volumes per cent CO 


1a and ilines 15] volumes pe r cel 
here used to signify that the 


indicated amount 


Blood rotated for a few Another sample ot 
minutes in a flask same blood equilib- 
with room air and rated at 712 mm. CO 
centrifuged. ind centrifuged 
Plasma at 41 mm. CO ¥5 Plasma at 41 mm. CO 
orpuscles (from Sam- orpuscl from Sam- 
pie \l washe | ple 
mixed with saline mixed 
and equilibrated a and equilibrated 
11 mm. CO tl mm. CO 
rpuscle-saline ‘orpuscle-salins 
pension 
centrifuged off E iline cent 
orpuscles (from Sam- 
ple A2) suspended 
fresh saline Sample B2 
rated with 712 mn rated with 


CO, and centrifuged O | 


ana ce 
} 


iin Lilrie 


Arterial blood 
It was centrifuged 
almost exactly 50 per cent 


nes per cent of ¢ ) 
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rhe corpuscles were divided into four parts and suspended respectivel) 


1 saline solution (O.8 per cent NaCl a) of equal volume of three 


] } 


lumes, (c) of six volumes, (d) of twelve volumes All were equilibrated 


] 


at 40 mm. of CO. at 37°C. and centrifuged: and the salines were analvzed 


0 0) 


Ui4o 


ae | 


QO &S 


1 OO 


= 


2 J J SJ 


l 0) 


From these data we see that under an increase of Cy trom 0.6 to 1.26 
10 or pH 7.22 to 6.91) these corpuscles absorbed an amount of HCl, 


and produced an amount of alkali, corresponding to 228 volumes per cent 
of €xX).. 


From Experiment 2 we see that when corpuscles have been 


loaded with HCl by exposure to a high tension of COs and are 
then transferred to a saline solution of moderate alkalinity at a 
moderate tension of COs, they give off HCl and reduce the alkali 
of the solution, turning NaHCO, into NaCl. 

From Experiment 3 we see that normal corpuscles have a very 
large capacity for HCl. The figures show only a slight decrease 
of alkali production in the second saline in which they were 
equilibrated at normal CO. tension. That they still had a large 
reserve capacity Tor HC] is shown by the even larger amount ol 
alkali produced in a third saline in which they were equilibrated 
with a high tension of COs. 

In Experiment 4 the contrasting figures for Samples A and B 
show that corpuscles mav have their load of HC] decreased by 
equilibration to a low tension of COs, and inereased by a high 
tension. The less loaded and the more loaded are then seen to 
produce quite different amounts of alkali in saline both at normal 
and at supernormal tensions of COs. But the increase of alkali 
called forth is nearly the same. Thus comparing Sample A2 
with Sample B2, and Sample A383 with Sample B3 we find 
50 — 36 14, and 104 — 91 13. 
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rom these experiments 1t appears that the cap 
corpuscles to absorb and give off HCl is very large, 
controlled by the tension of CO through the con 
H.CO, in solution. Kividently the total alkaline reserve 
blood is not merely the NaHCO, of the plasma put the entire 
ieid-absorbing ind ikali-producing power ol t he corpuscles 
The data above given indicate that this acid-concealing power ol 
the corpuscles is five or ten times as great as the icid-neutralizing 


power ol the NaHCQs in its plasma. 


Requlation of Pla ne hy All ali-Pro luc ng Po rer of Co 


We thus see the enormously important part played by the 
corpuscles in the regulation of Cy in the plasma. Indeed, the 
intrasanguinary mechanism for the regulation of neutrality need 
involve little more than the capacity ol the corpuscles to produce 
NaHCQs, or to neutralize it to NaCl, almost in proportion to the 
concentration of HeCQO;; for theory indicates that the Cy, varies 
in proportion to the COs» ratio (H»CO; : NaHCO 

Consideration of these experiments suggests that the placing 
of corpuscles in saline is virtually equivalent to adding to blood 
an amount of HCI just sufficient to convert all the NaHCO, of 
the plasma into NaCl. Presumably, if the blood were then 
equilibrated with 40 mm. of CO, the corpuscles would in large 
part four-fifths to nine-tenths) restore the alkali in the plasma 


But. the Cy would be inereased by 10 or 20 per cent. 

Doubtless it is through its influence upon Cy, that th 
f COs and concentration of HeCOs, act. If so, the effects 
iddition ol acid ol alkali to blood should be dealt with, not a 
uniform tension of COs, as in the experiments above reported 
but at a uniform Cy; that is, at a uniform CO. ratio. Thus if 
the normal level of the ratio HeCO;: NaHCO, is 3:60, and an 
amount of HCI is added corresponding to 20 volumes per cent of 
COs, the plasma alkali would not fall from 60 to 40 (although 
60 — 20 10), but merely to an intermediate figure, as long as 
the tension of COs is unchanged. But if the tension were reduced 
so that the concentration of HeCOs 1s now 2 instead of 3, the alkah 
should then be 40. At the new level of 2:40 the Cy would again 


normal. The load of HCl on the hemoglobin—or, if hemo- 
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globin acts as an acid, the amount of base combined with it 

would then be the same as at the original 3 : 60 level. The whole 
change would consist in the neutralization of part of the alkali 
in use and a proportional reduction of HeoCOs;. The COs ratio 
and ©, would be unaltered. This is, apparently, what occurs 


an vivo (6 


The same consideration would apply to arise of level to 4 


due to addition of alkali. The CO, ratio and Cy being normal 
the load on the hemoglobin would be the same as at the levels 
2:40 and 3: 60. 

We have performed some experiments n tro which 
that these expectations are correct, but t he Vv ne ed to be 


and extended before detailed publication. 


CONCLUSIONS, 


Centrifuged corpuscles suspended in saline solution and exposed 
to a tension of CO. produce in the saline solution an amount of 
alkali only a little one-fifth or one-tenth) less than that called 
into play in the plasma before centrifugation at this CO, tension. 

Corpuscles may have their load of HCl increased or decreased 
by suitable equilibrations. The alkali-producing powe1 
corpuscles is adjusted accordingly. When suspended in 
solution, corpuscles already heavily loaded with HCI call fort 
less alkali at a given tension of CO» than less loaded corpus les. 

The total capacity ol the corpuscle s for acid is equival nt te 
an amount of alkali several times greater than that in the plasma 
of normal blood. This capacity 1s controlled immediately by 
the tension of CO. and concentration of HeCOs; and presumably 
the Cy, in the blood. When the HeCQOs; is increased there is an 
almost proportionate increase of NaHCO; and the change in the 
COs, ratio (HeCO;:NaHCQOs;) and Cy is correspondingly slight. 

When whole blood is equilibrated at a very high tension of 
CO, the alkali-producing power is not (as might be supposed 
exhausted. The alkali called into use at such tensions is therefore 
not a measure of the total potential alkali-producing capacity 
of the corpuscles. It is merely a measure, or approximation, of 
what the Vy can do in the existing plasma high in 


against which they are balanced. 
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Observations in this laboratory have pointed repeatedly to the 
occurrence of a more or less permanent and irreversible, or diffi- 
cultly reversible, alteration in the blood under low tensions of COs. 
Henderson (1) observed such an alteration 7n vivo in LOOS., Hen- 
derson and Haggard (2) estimated the critical level at 33 to 36 
volumes per cent of CO. in the arterial blood, but we now think 
that, owing to neglect of temperature, these figures are somewhat 
Too high. 

We found that in dogs, when overventilation of the lungs was 
carried so far that the arterial blood was reduced below the erit- 
ical level, an irreversible reduction in the CO.-combining power 
of the blood occurred. Thereafter, restoration of COs. to the 
blood even by inhalation of CO. in air was ineffective, and death 
always followed. 

In a more recent publication 3) we have called attention to 
the fact that in equilibrating blood with gases, for the deter- 
mination of the COs. dissociation curve, care must be taken that 
the blood is not exposed to very low tensions of COs: e.g., 20 mm. 
or less at body temperature. \t such tensions we found that 
the same, or a closely similar, alteration of the blood occurs 

itro as that noted above in vivo. 

We were led to this observation by the oecurrence of discrep- 
ancies in our analytical results. In some experiments the COs. 
content deduced from the COs. dissociation curve of the blood at 
the alveolar CO. tension did not agree with the CO. content found 


"IQ 





a 
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in the arterial blood by direct analvsis. This indicated that in 
these cases the curve was erroneous, and that the error Was due 
to alterations in the blood 7¢n vitro. 

In Experiment | is to be seen an example of this type of analyt- 
eal discrepancy. he arterial blood contained 46 volumes per 
cent of COs. Some of this same blood equilibrated with air 
containing 41 mm. of CO. likewise contained 46 volumes per 
cent of CO.. But when a third sample of the same blood was 
equilibrated in succession to tensions of 18, 40, and 72 mm., the 
curve plotted from the analytical results indicated a CO. content 


of only 42 volumes per cent at 41 mm. I:vidently the blood had 


lost CO. capacity in the course of the equilibrations; that is, it 


called less alkali into use at a CQ. tension of 41 mm. than originally. 


Experiment | lhe femoral artery of a dog was cannulated under local 
anesthesia (Arterial blood was drawn under oil and onto a small amount 
of oxalate. It was divided into three samples of which one (a) was imme- 
diately analyzed, another ()) was equilibrated with air containing 41 mm. 
CO, at 37.5°C. and analyzed, and the third (c) was equilibrated in suc- 
cession at 37.5°C, with air containing 18, 40, and 72 mm. COs,, and an analy- 
sis made at each tension 

The analyses showed (a 16 volumes per cent CO 16 volumes 
per cent CO»; it IS mm 30 volumes per cent CQO., at 40 mm +] 
volumes per cent CO., and at 72 mm 

From the dissociation curve 
41 mm. would contain about 


! ind (/ 


It needs to be distinctly noted that this indicates quite 
ferent type of alteration of the corpust les from the imme diately 
reversible reaction to Ct bo, Or the adjustment of their load of 


HCl, discussed in the two previous papers 


Experiment 2.—-Arterial blood from a dog was oxalated t was then 
equilibrated at 18 mm. of COs, at 37°C. f ul \t intervals samples 
were taken and analyzed for their content of ) \s S minutes is ample 
time for equilibrium, the following figures suggest a progressive loss of 
CO.-combining powe! 

lime, » 0 
15 ; 24 

Observations of the character shown in Experiment 2 also led 

us to suspect that exposure of blood in vitro to low tensions of 


(‘Os results in some fundamental alteration in its CO.-combining 
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power. To test this hypothesis a sample of blood was equili- 
brated in succession with decreasing tensions of CO, and its disso- 
clation curve plotted. With a second portion of the same blood 
equilibrations were made in the reverse order; that is, beginning 
with a very low tension but using the same gas mixtures as pre- 
viously. The results obtained are shown in Experiment 3. 


) 


Experiment 3.—Oxalated arterial dog blood was used. One sample (a 
was equilibrated at 37.5°C., for 15 minutes each time, with air containing 
72, 40, 18, and 1 mm, CO,:, and an analysis for CO, content was made at 
each tension { second sample (6) was similarly equilibrated with the 
same CQ, tensions but in reverse order. The analysis showed: 

Sample (a) at 72, 40, 18, and 1 mm. contained 56, 47 
per cent CO» respectively. 

Sample (b) at 1, 18, 40, and 72 mm. contained 14, 27 
per cent CO respectively. 

Previous experiments have demonstrated that the time, 15 minutes, 


here allowed, is quite sufficient for the complete attainment of equilibrium. 


It has been shown by Christiansen, Douglas, and Haldane (4) 
that the CO.-combining power of defibrinated blood is sometimes 
initially greater than that of the undefibrinated, and that the 
defibrinated undergoes a progressive decrease of CQO.-combining 
power on standing. These authors, Buckmaster (5), and Bohr 
6) refer to changes of blood alkalinity induced by defibrination 
as indicated by the work of 20 to 40 years ago in which the blood 
was titrated. But it is not easy to say just how much bearing 
these early observations have on the present problem. 

Ei ] ment 4 From a cannula in the femoral artery ol a dog thre« 
samples of 10 ec. each were drawn in rapid succession. The first 
treated with ammonium oxalate under oil. The second ()) was carefully 
defibrinated by moderate stirring with a feather under oil The third 
was collected in a paraffined flask All three were immediately equili- 


brated with 40 mm. of CO, at 37.5°C. The analyses of these samples showed 


1 
Sample a yiumes per cent 


} 


Experiment 5.—Two samples of arterial blood were drawn. One was de- 
fibrinated, the other oxalated. Both were equilibrated with 40 mm, CO 
at 37.5°C. for 2 hours. At intervals samples were withdrawn and 


lyzed. The results were as follows 
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fime, mu 


Defibrinated blood 


— 
{f Oxalated arterial dog blo 
room temperature in a beaker ( 
ullibrated with air containing 40 mm. Cé 
mm. CO \t intervals additional samples were 
beaker, and divided into two parts, of which one was immediately analyzec 
for CO, while the other was equilibrated with 40 mm. CO, and analy, 
Time, min 8) 60 120 1k0 40) ) 
CO, content, vol. per cent 1] 37 3 i) 25 21 
CO.-combining power at 2l mm, 30 


CO>s-combining power at 40 mm 1 1 9 


Evidently this blood underwent no 
end of 180 minutes, its content of CO 


its tension below 21 mm 


Iexperiment 4 indicates that for the purposes of blood gas 
equilibration and analysis oxalated blood is much nearer to 
normal blood than is that which has been defibrinated. 

Ixperiment 5 in turn indicates that even when defibrinated 
blood is kept at a COs tension of normal amount it tends to 
undergo a progressive loss of COs-combining power. Oxalated 
blood on the contrary within any reasonable time does not exhibit 
this change. 

In experiment G it is to be seen, however, that if oxalated 
blood is exposed to air it likewise undergoes a progressive loss of 
(‘Q.-combining power when, but not until, the COQ. tension falls 
below 21 mm. at room temperature as shown bv the results of 
analyses of samples separated at intervals and equilibrate d again 
at 40 mm. of COb. 

In | xperiment Fi it will be se Nn that an even more rapid loss 
of CQO.-combining power may by produced in oxalated blood by 
passing through it a continuous stream of air free from COs. 
In the performances of this experiment difficulty was at first 
encountered because of the concentration of the blood by « Vapo- 
ration as indicated by determinations of total solids. In the 
experim nt here given a closed eimcuit apparatus Was employed. 
The blood was placed in a paraffined vessel immersed in a water 
bath at 37°C. and by means of a small blower air was circulated 
through this vessel and through i wash bottle containing a solu- 


tion of sodium hvdroxide. 





What the n: [ tl alteration in blood 
ventilation iv be we cannot as yet fully di 
howe Vel tO be associate d \\ ith seve! il othe phenome! 
which the following may be mentioned 

Some of the corpuscles are ruptured and 
is tinged with hemoglobin in solution, as 
of this series 

Blood altered by overventilation does not thereafte: 
test for normality deseribed in Pape VII of this series. Phus 
when two samples of such altered blood are eX post d to different 
tensions of CQO. (for instance, 40 and 50 mm.) and analyzed, and 
their plasmas are separated and analyzed, it is found that the 
plasmas do not show the same difference in CO. conten is do 
the two samples of whole blood at the two tensions Chis sug- 
gests that the alteration of the blood involy } evelopment 
of abnormal differences of Cu between the 
puscles and that surrounding them 

We are inelined to believ but further work 

alteration induced by overventilation is also associ 

the development e corpuscles of an increases 
t he nteraction ot oxvgen Al : Data be iring 


] 
are given In the following paper, 


USIONS. 


W he n blood Is { xposed tO 7 Tension ol () below L criti 
it undergoes an irreversible, or at least not readily reversible 
change. Thereafter, if it is equilibrated with a normal tension 


ot COs it combines with clisting tly less CO and pre sumably pro- 


duces corresponding! less NaHCQO than it did at this tension 


; 


previously, Defibrinated blood Is even more prone oO such 
changes than oxalated blood, but oxalated blood likewi shows 
them. 


Pome associated ph nomena are mentioned. 
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HEMATO-RESPIRATORY FUNCTIONS. 


X. THE VARIABILITY OF RECIPROCAL ACTION OF OXYGEN AND 
CO, IN BLOOD. 


By HOWARD W. HAGGARD ann YANDELL HENDI 


the Physiological Laboratory, School of Vedi 
Ne i Haven.) 


1 


Received for publication, September 25, 1920 

The opinion that variations of CO. content and of Cy in the 
blood influence the amount of oxygen absorbed or liberated by 
hemoglobin has won general acceptance. 

If this view is correct, the converse is, on theoretical grounds 
extremely probable; namely, that variations of oxygen tension 
and content influence likewise the capacity of the blood to hold 
CO 


Experiments directed by Ludwig 
however; and Bohr (2 


On the other hand Christiansen, Douglas, and 
believe that they have proved the phenomenon; and | 
son | has recently based an extensive theoretical 
upon their results. 

We find, however, that the facts in the matter indicate 
more complicated relations than any one has supposed. 
the following experiments show that one and the same blood may 
have this property of gaseous reciprocity in marked degree, or 
may lack it, according to the way the blood has been treated. 
Our observations suggest that the same treatment which, as 
shown in Paper IX, induces a lowering of the CO. dissociation 
curve of the irreversible type also induces the capacity for recipro- 
eal action of gases. 

It is noteworthy that until recently, and to a large extent even 
now, most of the studies upon the blood gases have been mad 
with defibrinated blood. In our hands, def brinated blood 
monly shows the property ol interaction of oxygen and CO 


while oxalated blood usually does not. 
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rABLE I 


Air + 40 mm. CO 
Hvdrogen + 40 mm. C 
Nitrogen 10) - 


\ir + 40 mm. CO 
Hydrogen + 40 mm 


Nitrogen + 40 


Air + 40 mm, CO 

Oxygen + 40 mm, ¢ 

Hydrogen + 40 mm 
n+ 40 - 


For the experiments herewith tabulated fresh arterial dog blood 


was used. In some cases it was defibrinated; in others it was 
oxalated. In all cases the samples were equilibrated with the 
gas mixtures indicated in Tables I and II at a temperature of 


10°C. and barometric pressures ranging between 755 and 765 mm. 


rABLE IU 


{0 mm. CO 

n+ 40 mm. CO 
10 mm, CW 

ygen + 40 mm 

lrogen + 40 mn 


() 


70 mm, CO 


gen 70mm 
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It will be seen that all the defibrinated bloods show 
ot oxvgen 1n decreasing (1) -combining power. With 


L.} 
hloods. on th eontrary., none o the variations 


obtained le bevond the range of analytical error. 


CONCLUSIONS, 


Thea ‘tion Of OXVZen 1 » COs ca 


[It commonly occurs in dog blood which has 


but not usually in that which has been oxalat: 


of the results reported in previous papers bearing upo 
processes it appears to us probable that the distinct 


the effects of the two methods of treating blood 


associated with the irreversible alteration discuss¢ 
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XI. THE RELATION OF HEMOLYSIS TO ALTERATION OF THE 
H.CO,;: NaHCO, EQUILIBRIUM. 


By HOWARD W. HAGGARD anp YANDELL HENDERSON. 
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In several of the previous papers of this series we have com- 
mented on the occurrence of hemolysis. From these observations 
it appears that there is a relation between hemolysis and the 
irreversible alteration of the blood discussed in Paper IX of this 
series, 

When we first observed this relation we were inclined to think 
that the explanation might be that laked hemoglobin acts in 
plasma like an acid. Perhaps it does; but it now seems to us 
that the evidence on the whole indicates something more funda- 
mental. One or the other, or an interaction of two processes 
may be involved. One is that excessive decrease of the load of 
HCl by exposure to abnormally low tensions of CO. may have 
effects within the corpuscles which include increased fragility. 
The other is that under conditions of abnormally low CO, 
ratio (relatively HeoCO; < NaHCO) and therefore low Cu there is 
a strain upon the surface of the corpuscles which tends to cause 
their rupture. 

The matter is important as a possible hint regarding the phys- 
ical chemistry of the hemolytic incompatibility of some bloods. 
It is, we think, quite certain that it affords the reason why plasma 
or serum obtained either by allowing blood to stand or by means 
of the centrifuge is often tinged with hemoglobin. Hemolysis 


usually occurs when the surface of the blood has been exposed to 


the air so that gaseous diffusion acts freely on even a thin layer; 
but the plasma is generally clear if the surface is protected with oil. 
In our experience the serum of defibrinated blood is generally 
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tinged with hemoglobin: 
xposure ot the blood. 


In Table | 


and this, we believe, is largely due to 
the 
are 


summarized the obs rvations whi h occurred in 
on the blood of a number of dogs. In each case a 
equilibrated with 

Xxalated sample 


rterial blood was oxalated 


{0 mm. 
inalyzed., \ second ( 


Was equilib- 


4m? 


with an containing only iS mm. of CO 


vith analyses at each tension. 
some degree 


then with 40 
\s will be seen in 
of hemolysis was observed in more than 
half of the second samples but in none of the first. 
be seen in the 


It is also to 


’ in reduction of 
In exact parallelism to hemolysis 


table that the “irreversible effect’ 
( ()o-COMDINING powel occurred 





H. W. Haggard and Y. Henderson 


=< 


Thus whenever the figure in Column 5 was distincth 
that in Column 2 hemolysis developed. Whenever the fi 


ly the same in these columns hemolysis was 
It is also to be SeCeT) in the table that hemolvsis iil 


% capacity are not induced in 


sible alteration of Ct 


same (QO. tension or content. This is 
is not only the HCl load of 


the plasma 


vious alkali content of 


particularly the Cu, induced within 


low tension ot © 
Is correct, t he data in the table Suga « 


ised in Paper VIII of this series the 
's to hemolvsis of this type may be artifi 


We hope to test this ide 
CONCLUSION 


The occurrence of hemolysis in connect 


alteration of COs. capacity induced hb 
low tensions of COs is demonstrated. 
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A number of reactions between sodium hypobromite and vari- 
ous nitrogenous substances are known in which nitrogen is liberated 
as a gas. Among this number are the reactions with urea, 
ammonium salts, uric acid, creatine, etc. A method for the 
quantitative estimation of the first named has been based upon 
the reaction in point, though it has now been discredited to a 
large extent. As far as the writer is aware the reaction between 
sodium hypobromite and ammonium salts has never been util- 
ized in the quantitative determination of nit . According 
to Krogh! this reaction falls short of being quantitative 
the case of urea. She found 97.5 per cent of the nitrogen 
ammonium chloride to be liberated by sodium hypobromite an 
obtained a qualitative test for nitric acid in the solution 
the reaction. 

lhe experiments carried out heretofore have been performed 
at ordinary pressures. Some time ago it occurred to the writer 
that it would be of interest to carry out sever f the above 
reactions in the apparatus devised by Van Shy ke? for the deter- 
mination of the carbon dioxide content of blood plasma; that is, 
n vacuo. The urea reaction was tried first and the outcome was 


clear-cut to the extent that this Is possible with an apparatus 


of the capacity of that in question. Instead of a smaller quan- 


tity of nitrogen which is obtained when the reaction occurs at 


Krogh, M., Z. physiol he 1913, Ixxxiv 
Var SliVv Ke Db. BD a b 
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atmosplhi ric pressure, trinl showed that the theoretical quantity 
of nitrogen is liberated It was observed incidentally that the 
quantity of carbon dioxide produced also In ccordancs with 
theorv. Ammonium sulfate was then substituted for urea and 
again the theoretical quantity of nitrogen was obtained. Whether 
KXrogh’s results were due to the concentration or pressure relations 
obtaining in her experiments is not elucidated here, nor is the 


ilt in the case of the urea reaction, but the analyses submitted 


} 
es 


in this communication show that the vield of nitrogen obtained 
in the Van Slvke apparatus is quantitative. Inasmuch in the 
Kjeldahl method for total nitrogen the first step is the conversion 
of the nitrogen of the sample into ammonium sulfate, we have 
in the hy pobromite method an alternative procedure for the long 
distillation process of the Kjeldahl method, which is considerably 
shorte and requires no standard solutions, As deseribed hi re, 
using the ordinary Van Slyke apparatus, the method does not 
have the accuracy obtainable by the Kjeldahl method. This is 
due to the impossibility of reading the volume of nitrogen with 
so high a degree of precision as one might wish. Enlarging the 
apparatus would help, but whether this is feasible the author has 
not attempted to decide. However, the accuracy obtainable 
with the ordinary apparatus is ample for many purposes 

The procedure is as follows The sample Is digested with 
as small a quantity of sulfuric wid as possible and a small ervstal 
1 the solution 


of copper sulfate. After cooling, it is diluted an 
made up to some definite volume, for instance 100 ce \ definite 
quantity, preferably not more than 10 ¢c¢., is then placed in the 
} 


apparatus. The dissolved air ois liberated 1 subjection to a 


vacuum and expelled. Strong alkali sufficient to neutralize the 
sulfuric acid is run into the apparatus followed by 2 cc. of the 
hypobromit: solution. The pressure In the reaction chamber is 
reduced and after shaking for about a minute the liberation of 
nitrogen Is complete. \pparentls if the hypobromite Is present 
in more than a slight excess, there is some liberation of oxygen. 


In order to eliminate the error which would result from its pres- 


Two stock solutions are prepared. One contains 28 gm. of sodium 


hydroxide per 100 ec.; the other 12.5 gm. of sodium bromide and 12.5 gm 


if 


f 


of bromine pel LOO ee For use one volume of each and three volumes o 
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ence, 1 ec. of a sodium pyrogallate solution (5 gm. of pyrogallate 
acid in 100 ec. of 28 per cent sodium hydroxide) is run into the 





reaction chamber as soon as the decomposition of ammonium 
sulfate is complete. After the oxygen has been absorbed the 
solution is freed from dissolved fases and is then lowered into the 
proper chamber whereupon the nitrogen volume is ready to be 
measured. This can be done so that the contained gas is at 
tmospheric pressure or by making the volume exactly 1 ec. and ) 
then measuring the pressure conditions necessary to accomplish 
this. \ somewhat higher degree of accuracy appears to he | 
btainable by the latte procedure It has the advantage that 
ne is adjusting the meniscus at a set mark instead of estimating 
etween marks, and, what is more important, one is always using 
the maximum capacity of the apparatus, since the error o! 
reading the volume is the same at any point, it is obvious that 
the error of any determination introduced by this cause will be 
smaller the greater the volume measured. On the other hand, ' 
the quantity of vas is so small that the pressure Must be re duced 
0 40 or 50 mm. Hg, for example, then small errors made in est 
ng the pressure introduce relatively large error, though 
rhaps not so lara then as when the volume is read at tmos 
ric pressure. Correction must be made for the nitrogen con 
of the hypobromite solution. ‘This is approxi 0.009 
it 760 mm. Hg and 0°) per 1 ee. of solution Che nitroge 
tent of the strong alkali and pyrogallate is neglig 
The quantity of nitrogen dissolved in_ the nal solut 
hy of consideration. If the quantity of solutior hounted 
0) d the amount of nitrogen liberated : out | 
since the capacity of the apparatus 1s 50 « the minimum ' 
gen pressur obtainabl in the apparatus Wo ild 
osphere. 1 ce. of water dissolves 0.01639 ec. of mtrogen at 
20° and 760 mm. pressure. At ¢o of an atmosphere the amount M 
ould he 0.01639 0.00041 ce. per 1 ec. of ter, or 0.0041 
ner 10 ce The solvent here is not pure water, however, bu 
ther strong solution of sodium sulfate, sodium bromide, and 
dium pyrogallate in which the nitrogen solubility is consider- 
bly less than in pure water. The exact concentration Is a vari f 


course no solubility 


and Ol 


ind. If it is assumed 


qu intity 


resent dem: that a 
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of sodium sulfate is approximately correct, then th correction 
per 10 ce. would be about 0.002 instead of 0.0041 ce. This 
may be 50 per cent from the true value without introducing an 
error greater than 0.1 per cent into the final result. If the vol- 
ume of fas measured is 0.5 ec. instead of 1 ce., then the cor rection 
just suggested is halved, \ecording to the accuracy desired the 


solubility factor may be taken into account or neglected. 


The results obtained on various substances are given in Table | 
| 
Sodiut p ) 6 07 
6 O04 6.07 
6.15 6.07 
6.15 6.07 
6.15 6.04 
( ell 13.6 13.9 
13.7 13.9 
13.8 13.9 
S 13.9 
3 8 13.9 
ri¢ cla Ye ) » 4 
r 2 
s } 
>.6 » 4 
Dried milk.... 5.37 5.35 
; 4? = or 
Urea 15 16.7 
1 7 1, 7 


The method for the determination of total nitrogen just 
described may be applied to the determination of the non-protein 
nitrogen of blood. The tungstic acid precipitation method 
described by Folin and Wu for obtaining a protein-free blood 
filtrate is well adapted for the present method. 5 or 10 ce. of the 
filtrate are digested with 0.5 ce. of nitrogen-free sulfuric acid and 
| drop of a 5 per cent copper sulfate solution. Small Kjeldahl 
flasks (30 cc.), with necks bent almost at right angles about 14 


inches from the end, serve well for the digestion. They are heated 


‘Folin, O., and Wu, H., J. Biol. Chem., 1919, xxxviii, 81. 
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in a Bunsen flame before use to reduce bumping. If the heat 
from the microburner used in the digestion is controlled by hand 
manipulation, there is little danger of loss of material. After 
the contents of the flask have charred, the burner may be set 
under the flask with the flame reduced. At the first sign of 


n ominous stillness in the flask a piece of quartz sand is dropped 


n, and active though gentle boiling immediately occurs Chis 
process is repeated as often as necessary until the digestion is 
complete. Digesting with the sulfurice-phosphoric acid mixtur 
recommended by Folin and Wu hastens the process, but th 
method has disadvantages which outweigh the 2 or 3 minutes 
saved, After cooling t he digt St, 10 18 diluted with 4 or 5 ee. of 


water and the sulfuric acid is partially neutralized with strong 
alkali. ‘This is done merely to save the generation of unneces- 
sary heat in the apparatus. One can determine how much 
strong alkali (55 per cent) is required for 0.5 ce. of sulfuric acid, 
and add about two-thirds of this quantity. The solution is 
again cooled and then transferred to the apparatus. The volume 
ol liquid should be about 10 ee. It is desirable. of course. to 
keep the volume as small as possible but if sufficient water is not 
present sodium sulfate crystals will form.) Dissolved air is then 
eliminated in the usual manner. If this is not well attended to 
a relatively large error will be introduced in the case of a blood 
normal with respect to its quantity of non-protein nitrogen inas 


much 


as the amount of gas liberated is small. Sufficient alkali 
to complete the neutralization of the sulfuric acid is now run 
into the vacuum chamber followed by l ce. of the hn pobromite 


solution described. The apparatus is immediately evacuated 


and shaken for about a minute. As soon as the reaction is com- 
plete 1 ce. of pyrogallate solution is admitted and the apparatus 


is again shaken to insure the absorption of any oxygen. As a 
rule the heat of neutralization is sufficient to warm the apparatus 
SE veral decrees. It 1S necessary, therefore to allow it to stand 
for a time before reading the volume of nitrogen or it may be 
immersed in a cylinder of water for a few minutes. After the 
gas is at room temperature the volume is measured in the usual 
nanner, If the blood were a normal specime n the volume of 

obtained from 5 ee. of filtrate would be in the neighborhood 


of 0.20 ec. The device of making the volume 1 ec. arbitrarily is 


a ae 


— 
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appropriate here. In reducing the volume to standard condi- 


tions substitution in the ordinary gas formula is suitable for an 


oceasional determination, but ror routine work the tables viven 


In Landolt-Bornstein-Roth’s “'Pabellen “ure a great convenience, 


95 tl 
9 3 + 
Ss. 4 no 
s } 


Results are easily duplicated by the method just described 
and to some who have difficulties with colorimetric methods the 
choice of a method based upon a perfectly clear-cut chemical 
reaction may be welcome. rhe results have been checked by 
the Kieldahl method Fable Il), though this could hardly be 


he results PiIVen In Table a 


considered CSS¢ ntial In view Ol 
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part of the day on grass and clover. 


from that of Hart, Steenbock, and Ellis mainly in a delimitation 
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RELATION OF FODDER TO THE ANTISCORBUTIC 
POTENCY AND SALT CONTENT OF MILK. 


; 
By ALFRED F. HESS, L. J. UNGER .G. C. SUPPLE] | 
Bureau of I if Di Hi 
il ' : 
; > 
[In 1914 Funk (1) raised the question as to wheth k ries ' 
its vitamine content according to the fodder of the cow ~ 
this time several other investigators have referred to an interre- 
lationship of this nature, notably Barnes and Hum: 2 in Aa 
recent paper on the antiscorbutic content of milk. In an articlh ' 
reating of the fat-soluble vitamine, we suggested an insufficiency 
of this dietary factor in milk as the result of the winter fodder 
COWS (5 Indeed In view of thi probability that the animal t 
rganism is incapable of synthesizing vitamines, and is dependent 
n the food for its supply , one should expect the milk to be greatly 
sffected by the dietary intake. The first experimental proof 
he existence of this interrelationship has been furnished re 
the work of Hart, Steenbock, and Ellis (4), hese in 
itors conclusively show that milk secreted by cows receiving 
v fodder cont uns far less antiscorbutie Vitamine than mMIlk 
ereted by cows on summer pasture. The herd which t! 
ted had never been given any “fresh green vegetable tissu 
iving been fed continuously on ‘“‘air-dried roughages and grains.”’ 
(he summer pasture milk was derived from cows which grazed 


; . , 
(Jur investigation, which was undertaken last 


the duration of the feeding periods, and in the inclusion of a 


chemical examination of the two varieties of milk. Che plan of 


the experiment was as follows: Five grade Holstein cows whicl 
id been freshened about 2 months previously we mplo 
* Presented before the Society of Experimental B g l . 


York, October 20, 1920. 


te 
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for the entire test. These cows had been stall-fed throughout 
the winter on a normal winter ration of ensilage, hay, and con- 
centrates. Beginning April 30th, 1920, and for 21 days there- 
after, the cows were fed on a daily ration of 25 pounds of a con- 
centrate mixture which consisted of one part of bean meal, two 
parts ol oll meal (flaxseed extracted by pressure), two parts ol 
hominy, two parts of gluten meal, and two parts of bran; the) 
received also 8 pounds of kiln-dried beet pulp, 4 quarts of molasses, 
and 12 pounds of straw. The object of this di tary was to pro- 
vide a food which was ample in all respects excepting in its quota 
of antiscorbutic vitamine. For the first few days the cows mani- 
fested a marked loss of appetite, but thereafter they consumed 
practically the entire amount of the dry ration. They had pro- 
duced, prior to this experimental feeding, an average of about 
10 pounds of milk per day. At first this change in fodder resulted 
in an average decrease in milk production of about 10 pounds per 
cow per day, but later the animals became more accustomed to 
the ration, so that at the end of the 21 day period there was an 
average decrease in milk flow of only 5 pounds per day. The 
general health of the cows had not been maintained. After 3 
weeks of this antiscorbutic-free ration a mixed sample of milk 
from all five cows was collected and dried by means of the Just 
roller process, by which it is subjected to about 230° F. for a few 
seconds, 

The cows were then placed on pasture tor 3 weeks, a small 


amount of concentrate being given, in addition, for the first few 


days only. After 3 weeks pasturage, a day’s milking of the five 
cows was collected and dried. Throughout this second period, 


excepting for the first few days, the cows received only fresh 
grass. The physical condition of three of the cows showed 
marked improvement, but two did not respond SO quickly to the 


I milk did not increase 


change in fodder. The production « 
materially during this period of pasturage, and at its close was 
still 5 pounds less per cow per day than before the concentrated 
feeding had been instituted. 


The object of using dried rather than fluid milk for this experi- 


ment was that it permitted a test of both varieties ol milk to be 
carried out synchronously and under identical conditions. It is 


evident that only by this means could dry fodder milk and pas- 
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717° 1} +} } ] 
ture Mlk trom he same cows D ested at one na 
time Mur hermore, tit made It DOSSIDI o define s ) 
ing p iod > week and thereby LO ul lee tne ( 

aise 2 { ] iat s ae ’ ] 
quail O he mukK Of a dietary given during this limited 
Unless dried milk were used, the pasture mulk Lid p 
product i ing Lccording to the ( er lenot| l ’ | 
ows had been grazing whereas b Isl! i! 
yuantity was obtained from 1 dav’s milking ju 
: 
dry fodder had been discontinued 

Che milk was kept tightly iled in tin contair 
ind Was then diluted with vater to 1ts rigina 
(une: pigs were fed the equivalent of 80 « er ¢ 
fluid milk, in addition to oats and brar his a 
was selected because previous tests with dried 1 
that it contains what may oD terme | the bord 
dose of intiscorbutie vVitamine, and that wh y 
given more than this quantity they fail to de ( 
animal received its full quota daily, suppleme 
being resorted to whe! necessary. 

( harts | ind 2 i| ist} } ? sults 
[It is seen that all the guinea pigs ted with 1 
developed secur ithin a period of 21 days, and died « 

hin 5 d \ ()n he ot] hand im” 
, YY , ] ‘ ] ] 

lr ml r¢ l ive rm nan 

2) davs wo show gy mild signs ¢ SCUl } 
triking, and definite] lustrates the marked « 

rput ontent o I oO ri S Ot Mili 

WI , ‘ hy ) ] mou? | t is 1 rked 

a) 1 mill OO 1) ce il COWS White! a ( ) 

; 

> weeks, It 1s evident th he antisecorbuti 7 
5 nidly secreted into Tl l Wk DD tn I; Ll l 

e extreme instance where the body has been absolutelv s 
of this vitamine. Che tissues do not seem to reple 
deficiency of this vitamine or to hoard it before exer 
Irom the body by wav of the milk. This result b rs ou 
¢3 blic] Mes ; 
inpublished experiments which showed that gu pl 
inable to store the antiscorbutie vitamin ( I 
their diet has contained it in large excess such provisio1 
not protect them from a subsequent period of SCO 
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mine starvation. In other words, these animals seem to be ecarry- 
ing on a precarious hand-to-mouth existence in relation to this 
essential dietary factor. 

The feeding test with dry fodder milk demonstrates that it 
contained but little antiscorbutie vitamine. If we compare this 
result with that obtained when guinea pigs are fed an equivalent 


amount of milk which has been autoclaved at 110° for 1 hour 





in order to destroy its antiscorbutic vitamin Ve nd that ther 
is little difference in the length of time it takes for scurvy to 
cle Ve lop the sole advantage enjoved DY the PUN pigs ted on 
the dry fodder milk is a somewhat longer duration « Sucl 
result must be interpreted as indicating that at the end of the 
first stage of our test the cows were secreting mill vhich Ww 
almost devoid of the antiscorbutie vitamin ind that when the 


supply of this dietary factor is entirely cut off, the milk is rapidly 


depleted of its antiscorbutic content. It should be remembered, 


howeve - that the feeding conditions were exceptionall 


vy rigid, 


so severe as to be rarely encountered under natural circumstances 


in man or In animal. 


lable I shows the composition of the milk as affected by th 
two kinds of fodder. \ composite sample of the liqu milk 
from all five cows was used for the analyses, with the exception 


of the lecithin determination, for which dried milk wa nplove 
\ study ol the table shows that the fat protel ind Ssugal 
percentages were very similar, but that there were certain well 
defined differences in the composition of the ash of the two milks 
Passing over minor variations, It is seen that the percentages of 
ealcium and of phosphorus were significantly higher in the pas- 
ure milk and that its citrie acid content was over 50 per cent 
ereater.! On the other hand there was less sulfur in this milk, 
in spite of its somewhat higher protein content. 

The percentages ol calelum and of phosphor is in the anti- 
scorbutic-free milk are below the normal: those of the pasture 
milk are within normal limits. The question of a causal rela- 
tionship naturally suggested itself between the lack of anti- 


scorbutiec vitamine and the decreased excretion of these salts 


Citric acid was determined by the Bacon and Dunbar method (B 
| and Dunbar, P. B., U.S. Dept. A c., Burea Che f ( 
78, 1911 
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into the milk. \ conclusive answer to this question must be 
post poned, howeve r, until further data are available. 

The increase in citric acid may be explained in part by the 
greater amount of citrates contained in the green fodder. but 


rains added interest in \ i¢ W of the close association b tween 


eitrie ac id and many of the most potent intiscorbutie foodstuffs. 


[In view of the marked variation of this constituent in the two 
( V { , 
\\ QS 3.19 
| { a | 
| 7 >. 44 
fotal protein N » $2 2.9 
( N { s 7 » 
\ min (N 6.38 () 4 0.49 
| 0 (VY ee 


] 
008 0.13 
) Bor 4) 670 
| { yi) {) 4 
) O OS 
0.165 
Hit) ) 
| M1 
) 158 0 190 
~ 0.025 { 
« 023 
{ ; 

Ile ( ( Lt tgure } } ed 
hou re | ! fodde1 0 LI CO | l ) vara | 
Incomplete 5 In et } ] sson to be ce rived irom this ¢!} m 
ical examination ( I scorpbu ice-free i! | ot pasture mill iS tl 
danger of setting up rigid standards for milk constituents, and the 
necessity of pretacing su h results with full data as to the diet of 

+} leet fine ! } ] 
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lew figures have been publis} ( d for the creatinine and creatine 


in the blood of normal women. Hunter and Campbe ll (1) mak 
the tentative suggestion that blood creatinine is lower for wome1 
than for men, but all the women they observed were either in 
late stages of pregnancy or were convalescent after childbirth, 
and were therefore very inactive. Thev also conclude that the 
creatinine is “lower in subjects deprived of exercise than in those 
leading an active life.” It may be, therefore, as they themselves 
suggest, that the inactivity rather than the sex of the subjects 
is the cause of the difference. Then average plasma creatinine 
lor forty-three males is 1.04 mg. per 100 ce. and for seventeen 
females 0.87 mg. Plass (2) also gives lower figures for creatinin¢ 
concentrations in women than in men—1.0 to 1.2 mg. and 1.3 to 
1.5 mg. per 100 ce. respectively—but he does not give a d 

report on this investigation. 

Creatine, on the other hand, according to Hunter and Camp- 
ll (1) seems to be higher in the blood of females than of mal a. 
6.81 mg. on the average (uncorrected) as opposed to 5.57 mg. 
per 100 ec. It is also higher in women in late stages of pregnancy 
than in normal women (3 

Considerable variation in creatine is to be expected both from 
individual to individual and in the same individual from day to 
day, The creatinine is a much less variable quantity. Ham- 
mett’s (4) recent series of weekly analyses of blood from the same 
individuals shows this difference plainly. He divides the various 
blood constituents into three groups according to the amount of 
variation from day to day in the same individual, Creatinine is 
n the first group, the least variable of all; and creatine in the 
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non-protein 


t« 


variable than creatinine, total 
I Ss variable than uric acid, 


second group, more | 


and total nitrogen, and 
ibjects 


nitrogen, 
nitrogen. Some of Hammett’s su 


amino-acid, and ur 


were women but he does not sav which figures belong to thi 
| =. | 
women and which to men. 
l D ) bs 5 9 Q 
\I ve Fine (6 16206 5 1 
( ttle 1 Ba r (7 0 1] 0 5 ‘) ie 
| g \ Gg 1 
H ( | 7 i ) 
Ave 
Pemberton and Buckman 0) )6 -1.3 7 5.0 
Hammett (4 1 OS—1 .67 > OO- 6.21 
1 th: +} mar nublisl d figures 


It is not surprising, therefor 


for creatinine should be in fairly close ag ! 
t10n O those of Gettle and Bal ! 7 Al | that the creatin 
ryures should show considerable Ol \lso I Id 
nethod ror ere iting Was muel more tault than t] ( i 
nine. Table I summarizes most of t] wublished « tini nd 
creatine figure th or) ry IOritv oO her Ing - . 

No work | been done o1 yn of creatu nd ere ! 
in blood during menstruatio1 I) Su mig! 
exper ad ce uld ( AntIcIp d ) } ra ( IK} 11 ) 
that of Rose (12) on urine r sults of t] rm how tl 
Or rr T1? - ind cre tinine e¢ d eT 117 } bh ) 
ent in the urine after menstruation, while the latter states th 
the ere itine 1n urln tended to disappe il during } enstruatiol 

number of the e = studied. though in most ises No regularity 
was observed. 

It therefore seemed desirable to obtain more hgures on ( 


| women and especially 


and creatine of norma to 
. wt. ae. 
r variation dauring men- 


IS any regu I 


blood creatinine 


determine whether there 


struation. 
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EXPERIMENTAL. 


‘or our experiments we had as subjects twenty-four apparently 


end Se 


nermal women students or faculty members ranging in ages from 
20 to 41 vears and following the ordinary University regime with tf ie 


a good deal of laboratory work. They were, therefore. decidedly 


more ictive than those who served Hunter and Clan nhell TS ' 
biect ; 
subjects. ' 
BLE II i 
¢ é la Ve ftrual Creatinine ar Crer } | 
' 

] ati f 

: \ 

Inter- | Menstrual : 


B. W 21 1.38 


1.10 1 O05 6S 
H. Kk 22 1.36 2.23 
E. M 22 1 42 2.56 
B. W 24 10 5. 30 


») 


oe 26 


l 
l 
W.S 26 10 1.13 2.80 f 
L. M. D S 1.37 i 
M. O. I IS 1.00 1.38 2 9S 7 
R. M 2 lL oo 1.33 , OS 99 
G. B IS 1.07 1.65 5 22 29 
1. N 28 1.18 1.36 0 j 


J. ¢ 5 1.39 1.36 3) 0] 
M. M 4 1.56 1.02 . 07 { 
Ps 6 1.27 2 
L. ik 6 1.01 1 52 ' ‘ 
ft f 
L. D 7 1 27 1.35 2 80 ) ' a 
R.L. R 10 1.39 1.50 12 1 09 ap 
F.R 1] 1.28 1.34 AT 74 ; 
Pag 
Average 1 25 1.35 3 94 5 16 f 
. ' 
* Menstrual specimen 2nd day of peri 
Irregular menstruallv: 3 weeks overdue ' 
, , ; } 
lhe blood specimens were drawn on the first day of the men- ie 
trual period, if possible, but in a few instances on the second Fe 


lay (exceptions which are listed in Table IT), and a second sp 











240 Creatinine and Creatine in Blood 


men during the intermenstrual period. No definite regularity 
as to the hour for drawing the samples was followed but in all 
but a very few cases the time was between 11 a.m. and 12 m. or 
late in the afternoon; that is, 3 or 4 hours after the last meal. 
The diet of the subjects was not controlled, but their general 
habit was to live on a rather low protein level. 

In determining the creatinine and creatine Folin and Wu’s (13) 
new method was exactly followed. The picric acid was purified 
according to the method of Folin and Doisy (3). The creatinine 
for the standard, obtained from the Central Scientific Company, 
was tested for purity by recrystallization from alcohol and com- 
parison of the recrystallized and original substances in the colorim- 
eter. No difference was observed. 

The results of the analyses are given in Table II. 


D SCUSSION of Re sults. 


We find no regular variation in the creatinine and creatine 
during menstruation. The average of all results for creatinine 
for the intermenstrual period is 1.25 mg., while for the men- 
strual period the average is 1.35 mg., an increase of only 7.4 per 
cent. For the creatine, we find an average of 3.24 mg. during 
the intermenstrual period and of 3.16 mg. during menstruation, 
which is a decrease of 2.5 per cent. 

Of the fifteen individual cases with both menstrual and inter- 
menstrual observations, nine show higher creatinine during the 
menstrual period, five lower, and one no difference. The greatest 
difference amounts to 0.58 mg. For creatine, seven show lower 
figures during menstruation and eight higher. 

Thus. while the figures seem to show an occasional tendency 
toward increased creatinine and decreased-creatine during men- 
struation, the proportion of the cases showing this tendency is 
not high enough to justify any definite conclusion. It is safer to 
conclude that the variation is not regular and is no greater than 
expected from day to day. 

It is of interest to compare our figures with those of other 
investigators, summarized in Table I. Our ranges for creatinine, 
0.96 to 1.65 meg 


and for creatine, 2.23 to 4.65 meg., are within 


the limits of other investigators. All but five of our creatinine 
results fall within the limits set by Hammett (4). Our creatine 
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] 


results are lower than his. Thirteen out of thirty-seven of our 


figures are below his lower limit and none reaches his upper 


limit, 6.21 mg. 


Our results thus fail to substantiate the suggestion of Hunter 


and Campbell 1), that the creatinine appears in lower concen- 
tration in the blood of women than of men. 

Like Hunter and Campbell 1) we fail to find figures in agree- 
ment with work by Feigl (9) indicating an increase of creatinine 
with age. Feigl worked with a large group of people ranging In 
age from under 10 years up to 80 years. We have only a small 
number falling in any of the three decades represented, and it is 
impossible to draw any definite conclusion that there is greater 


concentration with increased age. 


I fluence of Sugar Diet on Creatinine and Creatine Determination. 


We also had as a secondary probl m the influence of sugar on 
blood creatinine and creatine. We made analyses on the blood 
of ten women on a normal diet, usually from 1 to 2 hoursafter a 
meal, and, again on a different day, 1 hour after the subject had 


+ 


eaten 70 gm. of sugar. Table II] shows the compal itive re sults. 
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Discussion of Table III. 


On the high sugar, with one exception, the creatinine was 
higher than without sugar. The greatest increase is 0.39 mg., 
and the least 0.07 mg. The average for all shows 1.21 mg. of 
creatinine on the normal diet and 1.41 mg. on the high sugar; 
an increase of 0.20 mg. or 17 per cent. 

The creatine readings were not so noticeably influenced, prob- 
ably because the possible increase due to glucose was masked by 
the usual day by day variation. The average without the sugar 


was 3.41 mg. and with the sugar was 3.66 mg. 


SUMMARY AND CONCLUSIONS, 


1. Observations were made on the creatinine and creatine of 
the blood of twenty-four normal women, fifteen of them being 
observed during both intermenstrual and menstrual periods. 

2. No regular variation was found during menstruation for 
either creatinine or creatine. 

3. In nine cases there was a slight creatinine increase during 
menstruation and in five a decrease. On the other hand, seven 
cases showed lower creatine during menstruation and eight 
higher. 

4. The range for creatinine in the different subjects was from 
0.96 to 1.65 mg. per 100 ec. The average content was found to 
be 1.30 mg. This falls within the range observed by other 
investigators, chiefly on men, and fails to substantiate the sugges- 
tion that blood creatinine is lower in women. 


5. The range for creatine concentration is from 2.23 to 4.65 


mg. per 100 ec., which is slightly lower than the range observed 


by other investigators. 

6. No relation was observed between the age of the subject 
and increased creatinine. 

7. The accuracy of creatinine determinations may be affected 
by high sugar diet, through the additional development of color 


by glucose. 


The authors wish to thank Dr. Katharine Blunt for her helpful 
suggestions and her untiring assistance and other members of 
the department for their interest in this work and their coopera- 


tion in acting as subjects. 
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